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INTRODUCTION 


This reconnaissance geologic study of the South Mountain-Juniper 
Mountain region, Owyhee County, Idaho, was undertaken to provide basic 
data that can be readily applied to future land-use planning and mineral 
evaluation projects. This study was a cooperative effort between the 
Idaho Bureau of Mines and Geology and the JU. S. Bureau of Land Management 
and had four major objectives. 


(1) to provide a reconnaissance geologic map for the 
South Mountain-Juniper Mountain region. 


(2) to conduct a geochemical survey of the area. 


(3) to provide a structural (linear) map from remote 
sensing imagery. 


(4) to combine the above surveys into an overall inter- 
pretation of the mineral potential for the region. 
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GEOGRAPHIC SETTING 


The South Mountain-Juniper Mountain study area encompasses approx- 
imately 450 square miles in the southwest portion of Owyhee County, Idaho 
(Figure 1). For mapping purposes, eight advance copies of 7 minute 
topographic quadrangle maps for the Juniper mapping project of the U.S. 
Geological Survey (the Juniper 3 series - NW, NE, SE, SW; eastern half 
and the Juniper 4 series - NW, NE, SE, SW; western half) were combined, 
reduced to two 15 minute quadrangle maps and used as the base map for 
this report (Plate 1). The boundaries of the area extend from 116° 30' 
00" to 117° 00' 00" west longitude and 42° 30''00" to 42° 45' 00" north 
latitude. As the Juniper 3 and 4 series are preliminary topographic maps, 
all stream names and other geographic data were transcribed to the com- 
posited base maps from Bureau of Land Management's Juniper Creek planimetric map. 


There are no towns within the study area. A few ranchers maintain 
semi-permanent year round residences, but these are without electricity. 
The U.S. Bureau of Land Management maintains a fire lookout on South 
Mountain and a small camp at Mud Flat in the summer months. 


The area is reached by travelling approximately 20 miles south 
on dirt roads from Jordan Valley, Oregon, or 40 miles west from Grand 
View, Idaho. Access from either town leads to the Deep Creek road, a 
dirt road traversing the area in an east-west direction. This road 
crosses the North Fork of the Owyhee River and continues north along 
the western boundary of the area. 


The Deep Creek road is maintained by the U.S. Bureau of Land Man- 
agement, but is often impassable in wet weather except to four wheel 
drive vehicles. Subsidiary roads crossing basalt units tend to turn very 
slick after a rain and should be avoided. 


Figure 2 is an orthogonal topographic projection of the eastern 
half of the Jordan Valley AMS (1/250,000 scale) map of Owyhee County. 
The projection extends from Silver City to the Nevada border in a north- 
south line. Various place names and geographic features in the study 
area are noted on this figure. Figure 3 is a topographic projection of 
the immediate study area between South Mountain and Juniper Mountain. 


The study area is part of the Owyhee Plateau which is a relative- 
ly flat plateau extending in a northwest-southeast direction and par- 
alleling the Snake River Plain. South Mountain and the peaks surround- 
ing Silver City reach or exceed 8,000 feet. An east-southeast trending 
ridge (elevation about 6,000 feet) between South Mountain and Antelope 
Ridge acts as a drainage divide between the Juniper 3 and 4 quadrangles 
and the Triangle-Flint Creek quadrangles to the north (Plate 1). This 
ridge also forms the southern edge of a bowl shaped depression which 
includes much of the Triangle-Flint Creek quadrangles. 
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Figure 2. 


Orthogonal topographic projection of the 
eastern half of the Jordan Valley AMS Map. 
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The higher peaks and ridges are surrounded by a basalt-covered 
plateau at an elevation of about 5,500 feet which extends in a rela- 
tively flat plain south to the Nevada border and west into Oregon. 
Juniper Mountain (elevation about 6,000 feet) stands above this flat 
plain and various tributaries of the Owyhee River dissect the plain, 
carving deep canyons. 


A radial drainage pattern has developed on Juniper Mountain and 
south Mountain and the stream flow trend is into the North Fork of the 
Owyhee River.. A trellis pattern in the central part of the study area 
(south of the drainage divide) flows southeastward into the Deep Creek 
and Pole Creek systems. Streams north of the divide flow northwest into 
the Boulder Creek-Jordan Creek system. All of these streams eventually 
flow into the Owyhee River which flows north to the Snake River. 


The climate in this region is semi-arid with an average rainfall 
of less than 10 inches in the lowlands and 20 inches or more above 6,000 
feet (Asher, 1968, p. 6). Most of the precipitation is in the form of 
snow. 


In the lower elevations grasses, sagebrush and juniper trees dom- 
inate the vegetation. Higher slopes have some alpine and Douglas fir. 
Use of the land in this region is for stock grazing. 


Most of this country is fairly rugged; the ridge and valley topog- 
raphy forming the north-central part of the map area can be confusing 
as all the ridges and valleys appear to be similar, on the ground. Appro- 
priate precautions should be taken if one traverses "cross country" in 
this area. A good compass and map are essential. Another hazard is 
rattlesnakes, which were frequently observed throughout the region. 


GEOLOGIC SETTING 


Geologically, the South Mountain-Juniper Mountain area consists 
of a granitic/metamorphic basement complex overlain by a Tertiary vol- 
canic sequence of basalts and rhyolitic pyroclastic and lava flows which 
are in turn covered in part by various Tertiary and Quaternary sediments 
and basalts. The Tertiary volcanic sequence has been broken into three 
units: (1) "Lower" Basalt sequence which is time equivalent to the Colum- 
bia River Basalts commonly seen in north and west central Idaho, (2) the 
Idavada Volcanics (silicic tuffs and flows) of Malde and Powers (1962), 
and (3) "Upper" Basalt sequence (Banbury Basalt) which is equivalent to 
basalt flows in the Snake River Plain. 


Armstrong and others (1975) have shown the chronologic relation of 
these volcanic units. Some of their K/Ar dates are combined with new 
dates by Neill (1975) as shown in Figure 4. The age of the silicic flows 
and tuffs become progressively younger from Oregon eastward to the Yellow- 
stone-Island Park caldera centers .— 


PREVIOUS INVESTIGATIONS 


The Geologic Map of Idaho by Ross and Forrester (1947) is the only 
available map covering the geology of the immediate study area. Figure 5 
is an index map showing the status of the geologic mapping to date in the 
Surrounding areas. A good review of the general geology is given by Neill 
(1975). Previous to this report, no known geochemical work has been under- 
taken for this region. 


1/ Two different viewpoints are given to explain the progressive age 
change in the silicic units. Christiansen and Lipman (1972) suggest that 
the Snake River Plain and related volcanism is a fracture system related 
to western plate tectonics as discussed by Atwater (1970). Overriding of 
the Pacific Plate by the America's Plate could explain a rift zone like 
the Snake River Plain. As the rift progressed eastward the focus of vol- 
canism at the front of the rift would also progress eastward resulting in 
the observed age sequence in the volcanics. 


Quite a different view is presented by Morgan (1972). A mantle plume 
which is located under Yellowstone Park at the present time could have 
created the age sequence as the continent moved westward over the plume. 
Mathews and Anderson (1973, p. 158) show that theoretically many of the 
tectonic features of the western United States can be explained by the 
"Plume Mechanism". Their ideas are similar to Burke and Dewey (1973, 

p. 406) who postulate that triple junctions form above these plumes and 
these junctions are in part responsible for forming major tectonic fea-— 
tures. Suppe and others (1975) use two mantle plumes, one in Yellowstone 
and one in Raton, New Mexico to explain many of the geomorphic and seismic 
features in the western U.S. 


FIELD WORK AND MAPPING PROCEDURES 


Field work was conducted from June through August of 1975. During 
this period the geology of the area was mapped and 583 stream sediment 
samples were collected for analysis. 


The gealogic mapping was done on 1:30,000 scale, black and white air- 
photos and on 1:130,000 scale, color, infrared U-2 imagery. The map lines 
were later transferred to topographic maps. Approximately 4,000 linear miles 
of traverse were made by field personnel and most traverses were covered at 
least twice, once for sediment sampling and once for mapping. The mapping 
is considered reconnaissance in nature as its purpose was to broadly define 
lithologic units for consideration in the geochemical analysis. 
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Figure 4. K-Ar dates of silicic volcanic rocks of the Snake River Plain. 
(from Neill, 1975) 
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Figure 5. Index map showing existing geologic maps in and around 
the study area. 
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LITHOLOGIC UNITS 


The geologic map of the study area (Plate 1) shows eleven field 
mapable units which are described from oldest to youngest. Table 1, 
based on literature and field observations, shows the correlation of 
these units with those of other workers in the area. As dates for all 
units are not available, this correlation is tentative. Several Changes 
in our previous mapping (Bennett and Galbraith, 1975) are noted where 
appropriate in the following discussions. Appendix A contains eight black 
and white U-2 images with the general geology outlined on them. These 
eight images give stereo coverage of the entire Study area. 


PRE-TERTIARY ROCK UNITS 


Pre-Tertiary rocks consist of a metamorphic sequence (age unknown) 
which is intruded by granitic rocks which are believed to be Idaho bath- 
olith equivalent. These units are described as follows: 


Metamorphic Complex 


A sequence of metamorphic rocks of unknown age composed of schists, 
marbles, and quartzites crops out in the vicinity of South Mountain. Sor- 
enson (1927) described these rocks in the William's Creek drainage north 
of the South Mountain lookout. In Williams Creek is a sequence of approx- 
imately 3500-4000 feet of tightly folded metamorphic rocks which are prob- 
ably a roof pendent in the surrounding granitic intrusion. 


Qutcrops of the Williams Creek rocks end at the head of William's 
Creek. Two other exposures of metamorphic rocks crop out along Soldier 
Creek (NW corner of Juniper 3 quadrangle) and another exposure is located 
just north of Soldier Creek on Sheep Creek. All three areas appear similar 
to the William's Creek metamorphic unit except that there are few exposures 
of marble. The three exposures. along Soldier and Sheep Creeks are caused 
by differential movement along north-south fault zones which flank the 
western side of South Mountain. 


Amphibolite (?) Unit 


South of the South Mountain lookout is an east-west elongate zone 
of rock that is tentatively called amphibolite but may in part be quartz 
diorite/diorite. This is a rather atypical appearing unit which is char- 
acterized by very large amphibole crystals. In a weathered speciman, 
amphibole cross sections up to one inch across may be observed. Some of 
the rock is composed entirely of what seems to be amphibole whereas in 
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Bennett and Galbraith, 1975 


Qal- Alluvium 

Qap- Placered gravels 

QI- Landslide deposits 
Qbg- Bench gravels 

Tbb- Banbury basalt equiv. 


Tcl- Idaho Group 
Tur- Silver City rhyolite 


Tty- Welded tuff 2 
not present 


Included in Tty 
Included in Tto 


Tt1- Welded tuff 1 


Sucker Cr. F,. outcrops just 
west of the study area* 


Tfb- Flow breccia 
Tql- Quartz latite 


Tlb- Lower basalt 
not present 


Ktg- Granodiorite/Qtz monzonite 


wot present 
Meta- metamorphic complex 


Bennett, 1976 


Qal 
not present 
not mapped 
not present 
Tbb 


not present 
not present 


not present 


Tjt- Juniper Mt. 
tuff/flow complex 


Tat- Antelope Ridge 
tuff 


not present 


Tt, and Tt1a 
not present 


not present 
not present 


Tfd - Felsic domes 


southwestern Idaho and southeastern Oregon 


Neill, 1975 


Alluvium 

not present 
not mapped 
Pediment gravel 
Banbury basalt 


Poison Cr. Fm. 
Silver City rhyolite 


Owyhee Ridge member 
not present 


Owyhee Plateau member 
Browns Cr. member 


Poison Cr. member 
not mentioned 


not present 


Included with Silver 
City rhyolite 


(stratigraphic position unknown) 


Tlb- lower basalt 
not present 


Ktg- Granodiorite/ 
Qtz monzonite 


Amp- Amphibolite 


Meta- metamorphic 
comp] ex 


Basalt-Columbia River age 


Eocene volcanics (Challis 
age quiv.) 


Idaho bath. equiv. granitics 


not present 
metamorphic rocks 


*age relationship not precisely known in relation to Tfb and Tl. 


Asher, 1968 


Qal- Alluvium 

Qpg- Placered gravels 
Qis- Landslide deposits 
Qbg- Bench gravels 


Tbb- Banbury basalt 
Ttb- Tuffaceous basalt 


Tpc- Poison Cr. Fm. 
Tsc- Silver City rhyolite 


Tto- Welded tuff unit 2 
not present 


not present 
(possible equiv. to eastern 
part of Asher's Tt,) 


Tt - Welded tuff unit 1 
Ts- Sucker Cr. Fm. 


not present 
Tqd- Qtz latite domes 


Tb1- Basalt-latite unit 
not present 


Ki- Silver City Granite 


not present 
not present 


Table 1. Tentative correlation of lithologic units in the Silver City - Juniper Mountain region 


Walker & Repenning, 1966 










Various Quaternary units 
PLEISTOCENE 


* Lynd 


Tsb- tuffaceous sed. rocks 
tuffs and interbedded basaltic 


and andesitic flows PLIOCENE 


2-2? 
Tb- Basalt (ed. note-not sure of 
correlation to other authors units) 


Ttr_ tuffs silicic flows 
tuffaceous sed. rocks 


MIOCENE 


Tfb- Basalt flows & flow breccias 
not present 


EOCENE 


CRETACEOUS 


not present 


not present 
not present 


other areas the amphiboles are in a dioritic appearing matrix. The am- 
phibolite unit is covered by the "lower basalt" sequence to the east, 
west and south. 


The contact between the amphibolite and the granodiorite/quartz 
monzonite is gradational. In the transition zone between these units 
the granitic unit becomes finer grained and more granophyric in appear- 
ance. The contact between the amphibolite and the granitics although 
transitional, is very obvious in the field and on the U-2 imagery because 
the amphibolite supports more vegetation in comparison to the granitics. 


Granodiorite-Quartz Monzonite Intrusive 


As noted, the metamorphic rocks at South Mountain are surrounded by 
intrusive rocks which are granodiorite/quartz monzonite in composition. 
These are believed to be part of the Idaho batholith-Nevada intrusive 
complex. Pansze (1975, p. 26) dated granitic rocks in the Silver City 
area which are similar to the South Mountain rocks at 62-67 m.y. This 
is equivalent to younger ages given for Idaho batholith rocks to the 
north. Some outcrops of this intrusive unit contain xenoliths. typically. 
the granitic rocks are complexly intermixed with metamorphic units. 


TERTIARY VOLCANIC UNITS 


The basaltic-rhyolitic assemblage of Tertiary volcanic rocks in 
the present study area has been subdivided into six mappable units which 
are believed to be in stratigraphic order as follows: 


Upper (Banbury?) basalt. ....... "upper basalt" sequence 
Juniper Mountain tuff and flow complex 

Antelope Ridge tuff 

Welded tuff 1 and subfacies Tt), . . -tJIdavada Volcanics 
Felsic domes 

POWERED SO Lime an CiLe sone oes kas. os "lower basalt" sequence 


— pow foo 
e e e e e e 


These are discussed in the following paragraphs from oldest ("low- 
er basalt") to youngest ("upper basalt"). 


Lower Basalt - 


"Lower basalt" crops out in the South Mountain area and, in gener- 
al, completely surrounds the mountain (Plate 1). The unit lies unconform- 
ably on the granitic-metamorphic basement and in turn is overlain uncon- 
formably by the welded tuff units. Pansze (1975,p. 30) dated the "lower 
basalt" in the Silver City area at 16.6 m.y. which makes these rocks 
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equivalent to Columbia River Basalt; however, compositionally these rocks 
are alkali basalts while the Columbia River Basalts are more tholeiitic 
(McIntyre, 1971, p. 13). Pansze(1975) also obtained two younger dates 

on these basalts (12.8 m.y. and 13.0 m.y.), but chose the older date be- 
cause of field and stratigraphic relations. 


The "lower basalt" at South Mountain ranges texturally from aphan- 
itic to porphyritic. The porphyritic flows are most interesting as some 
contain plagioclase laths up to one inch long and others contain pyroxene 
phenocrysts that are the size of a nickel. These are, in hand specimen, 
Similar to older Columbia River Basalt units north of the Snake River 
Plain. 


The ridge east of the headwaters of Soldier Creek is capped -by a 
porphyritic basalt with large pyroxene phenocrysts; what is believed to 
be this same unit is located at the bottom of the Soldier Creek drainage. 
This offset is the result of north-south faulting which has downdropped 
blocks of the basalt to the west. What seems to be a very thick sequence 
of basalt on the western flank of South Mountain, is a result of several 
such fault repetitions of strata. The entire sequence in this area is 
probably not more than 800 feet thick. 


“Lower basalt" is extensively exposed south of the South Mountain 
lookout and in a narrow corridor east of South Mountain. It crops out 
extensively north of the lookout as well (Bennett and Galbraith, 1975, 
p. 10). Most of the sequence strikes due north and dips shallowly east 
at varying degrees. Piper and Laney (1926, p. 21) noted that the origin 
of the "lower basalt" at Flint (north of the present study area) was by 
fissure flow. The source area for "lower basalt" at South Mountain is 
unknown. 


Felsic Domes 


Three small felsic domes were mapped near the contact of "lower 
basalt" and welded tuff 1 subfacies Tt,_. Two of these are north of An- 
derson Reservoir and the third is on cdBin Creek. Figure 6 shows how 
one of these domes appears from the air. Vitrophyre is interbedded with 
what appears to be altered white ash units in these domes. The domes 
may intrude "lower basalt", but their age relative to other units is 
unknown, 





Figure 6. Felsic dome south of South Mountain. 
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IDAVADA VOLCANIC UNITS 
Introduction 


The Idavada Volcanics are an extensive sequence of silicic volcan- 
ic units composed primarily of pyroclastic flows and/or tuff lavas over- 
lying "lower basalt". The overall sequence, as named by Malde and 
Powers (1962), included some basalt units, but in the present study the 
term is applied only to the silicic volcanic units. 


Units of Idavada Volcanics cover most of the study area and com- 
plicate the geology. The large areal extent of the units, the lack of 
recognized source areas and the complexity of dealing with ignimbrites in 
general has resulted in a poor understanding of the accumulation history 
of these rocks. For readers unfamiliar with ignimbrites, Peterson (1970) 
gives a good review of pyroclastic flow deposits including nomenclature, 
origin, and significance and includes a fairly comprehensive bibliography. 


All workers in western Owyhee County have classified most of the 
silicic rocks forming the Idavada as welded tuffs and serveral have 
pointed out that there are many problems in making this classification. 
Neill (1975, p. 24) summarizes this position by stating "Most of the 
matertal is probably welded ash flow tuffs but tn most cases vitro- 
clastic texture ts not apparent due to the effects of severe compaction, 
secondary flowage and devitrification". The term welded tuff as used 
in this report suffers from the same problems. It is used because it 
fits the field appearance of the rocks better than any other term. 
Hausen (1954) suggests that many of these units may have originated 
as either "froth flows" or water-charged flows (tuff lavas) as opposed 
to being formed by pyroclastic flow. Detailed chemical and petrographic 
studies are needed to solve this problem. 


Another problem with classifying and mapping the tuff units is 
the lack of exposed sharp contacts that can be followed in the field. 
Contacts are often better observed on U-2 imagery once the units have 
been broadly differentiated by field observation (see Appendix A). 





The source area problem is well illustrated by Walker and Reppening's 
geologic map (1966), of the western half of the Jordan Valley AMS map in 
Oregon. They were unable to find sources for the pyroclastic units which 
are extensive in their map area (note: as will be suggested later, the 
source for much of this material is probably in Idaho). Neill (1975) de- 
scribed four tuff units but did not mention source areas (note: again 
by chance the source areas are just outside his map area). These obser- 
vations are made simply to point out that the immense size of these units 
makes source recognition difficult unless a regional perspective is taken. 


Subdivision of the Idavada sequence and descriptions of the various 
units and source areas presented in the following discussion are based on 
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extensive use of various types of remote-sensing imagery available for 

the area, previous work in adjacent areas, and personal geologic observa- 
tion based on extensive field coverage. These unit subdivisions are not 
advanced as a final interpretation of the Idavada sequence, but rather 

as a first approximation which may be useful to future geologic work in 
the area. Because of the large areal extent of the various units, sever- 
al descriptive digressions will be made to exposures outside the immediate 
Study area. 


There are three welded tuff/flow complexes in the study area. These 
are as follows (arranged approximately in stratigraphic sequence): 


3. Juniper Mountain tuff and flow complex 
2. Antelope Ridge tuff 
1. Welded tuff 1 and subfacies Tt), 


Welded tuff 1 (Tt,) and subfacies (Tt,,). 


Asher (1968, p. 48) and Pansze(1975, p. 49) described units which 
Asher called "welded tuff 1". Bennett and Galbraith (1975, p. 13) noted 
that this was the most extensive unit in the Triangle-Flint Creek quad- 
rangles. From outcrop pattern and contact relations, welded tuff 1 appears 
to be the oldest tuff unit in the area. North of South Mountain the unit 
is in contact with the "lower basalt" latite breccia unit (Bennett and 
Galbraith, 1975, p. 13) and near Triangle Reservoir it is overlain by 
younger Antelope Ridge tuff. 


Asher (1968, p. 48) described a welded tuff unit which he called 
"welded tuff 1" in the Silver City-Rooster Comb Peak quadrangles, and indi- 
cated that he believed this same unit was present on both the western and 
eastern sides of this area. It seems possible that the eastern part of 
Asher's welded tuff 1 is equal to the Brown's Creek member described by 
Neill (1975, p. 41) and dated by him at 10.7 + 0.7 m.y. This date is sim- 
ilar to a date obtained from a welded tuff along Reynolds Creek road by 
Neill and dated at 11.1 + 0.6 m.y. I suggest that these described units 
are probably all the same unit which is localized on the eastern side of 
Asher's area; and that this is a different unit from welded tuff 1 which 
is on the western side of Asher's area. 


The unit extends from the north into the present study area in a 
broad band located between South Mountain and Antelope Ridge. It extends 
to the southeast where it is covered by younger tuffs and "upper basalt". 
A possible subfacies of the unit (Tt ) lies between the North Fork of 
the Owyhee River and South Mountain. 


The major topographic feature in welded tuff 1 is the previously 
mentioned drainage divide (Plate 1) which extends eastward from South 
Mountain to Louisa Creek, Nip and Tuck Creek, Anne Creek, Pleasant Valley 
Creek and Hurry Up Creek which all flow southeast. The South Fork of 
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Boulder Creek, Indian Creek, Bougus Creek, Rose Creek, Wickiup Creek, 
Josephine Creek, Louisa Creek and Rock Creek flow northwest from the 
divide. This may be part of a large caldera rim which will be discussed 
in a latter section. 


The thickness of welded 
tuff 1 exceeds 600 feet in the 
deeper canyons along the divide 
(Figure 7). This welded tuff se- 
quence is composed of several 
thick cooling units. Vitrophyres 
(highly welded zones) are uncom- 
mon in this unit. Most of the 
material represents the poorly 
welded parts of a welded tuff as 
described by Ross and Smith (1961); 
devitrification has probably re- 
sulted in the rocks induration. 
The tuff is reddish brown to gray 
on a fresh surface and weathers 
to a dark reddish brown. Crys- 
tals and pumice fragments are 
common throughout the sequence. 
Internally the cooling units 
weather out into long crude col- 
umns . 


The subfacies (Tt, ) of 
welded tuff 1 which lies Between 
South Mountain and the North Fork 
of the Owyhee River looks very 
Similar to Tt, with the exception 
that the columns are better formed 
and have a good horizontal joint- 

; i 49." ing pattern. Tt, may possibly 
Figure 7. Typical regional be a separate unt? or simply rep- 
appearance of Welded tuff 1. resent subfacies of Tt, with a 
different cooling history. 





Welded tuff 1 appears to extend far to the northeast toward Marsing, 
Idaho. Its southern extension is unknown as it is covered by "upper ba- 
salt". Tt, may be the same as Neill's (1975, p. 37) Older Poison Creek 
member (thé Poison Creek drainage is southeast of the present study) and 
dated at 13.1 - 13.8 m.y., but this is not certain. 


Antelope Ridge Tuff 


A large tuff complex crops out from the Spencer Reservoir in the Tri- 
angle quadrangle south along Antelope Ridge to Mud Flat (Juniper 4 quad- 
rangle) where it is covered by “upper basalt". This unit is informally 


19 


called the Antelope Ridge tuff and is the same unit as Neill's (1975) 
Owyhee Plateau unit. I prefer to change the name of the unit as it does 
not extend very far to the west and the name Owyhee Plateau implies wider 
coverage than the unit apparently has. Neill obtained two dates on this 
unit by the K/Ar method of 9.7 + 1.5 m.y. and 9.4 + 2.0 m.y. 


Figure 8, the LANDSAT image of the area, shows the outcrop pattern 
of the Antelope Ridge tuff. The Spencer Reservoir-Triangle Reservoir area 
is mostly covered by the basal vitrophyre of this unit. Bennett and 
Galbraith's (1975) map should be changed to show the outcrop of Antelope 
Ridge tuff (Figure 8) separate from Welded tuff 1. 


Neill (1975) noted that the Antelope Ridge tuff is over 1000 feet 
thick in Little Jacks Canyon (southeast of the present study) and grad- 
ually thins to the north. It appears to rest on Tt, near Spencer Reservoir. 


There are three distinct parts or cooling units to the Antelope 
Ridge tuff: 1) a basal vitrophyre, 2) a central, horizontal, compound 
cooling unit with a distinctive scalloped weathering pattern and 3) an 
upper, more massive appearing cooling unit. The lower vitrophyre is best 
exposed near the Triangle and Spencer Reservoirs. It is a textbook vitro- 
Phyre with beautiful columns. The unit is a dense black glass with small 
crystals (probably vapor phase sanidine) scattered throughout the glass 
ground mass. The small area just east of South Mountain which was mapped 
as questionable Antelope Ridge tuff contains this distinctive basal vitro- 
Pphyre and the scalloped weathering pattern of the middle unit. This in- 
dicates the Antelope Ridge tuff probably initially covered a much larger 
area. 


The middle portion of the Antelope Ridge tuff consists of several 
horizontal units. These have a distinctive scalloped pattern when weather- 
ed (Figure 9). The North Fork of Castle Creek Shows this pattern well. 
This may be caused by weathering of the individual pyroclastic flows that 
make up the compound unit. Neill's Figure 5 (1975, p. 38) of the Antelope 
Ridge tuff in Little Jack Canyon appears similar to outcrops in the Castle 
Creek area. The middle unit weathers into long vertical columns which 
part horizontally along concave joints into large cross sections which 
look like large dinner plates. These are known as ball and socket joints. 
In hand specimen the middle unit is light gray weathering to reddish- 
brown. Small pumice fragments are common but crystals are few. Neill 
(1975, p. 38) notes that large numbers of fragmented crystals are common 
in some units near Jack Creek. 


Overlying the middle unit is a dense gray massive unit which is 
exposed along the Deep Creek Road eastward from Mud Flat. An excellent 
exposure is located across the road from the Mud Flat camp. This unit 
is similar in hand specimen appearance to the middle unit but lacks the 
columns and distinctive ball and socket jointing (it may be a part of 
the middle unit with a different cooling history). The southward extent 
of this upper unit is unknown as it is covered by “upper basalt" just 
south of the Mud Flat campground. Rocks very similar to this upper unit 
form the east wall of Split Rock Canyon approximately 35 miles to the 
northwest in the Flint Creek quadrangle. 
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Examination of Figure 8 shows that the Antelope Ridge tuff extends 
well outside the present study area. The bulk of the unit is located in 
the Mahogony series quadrangles to the east. This is also believed to be 
the source area for this unit. The LANDSAT image (Figure 8) shows a cen- 
tral rosette shaped area with what appears to be flow lobes extending out- 
ward from this circular area. A curvilinear feature also appears within 
the central portion of this pattern which could be indicative of a collapsed 
central vent. A long tongue of Antelope Ridge tuff extends north along 
Antelope Ridge to the Triangle-Spencer Reservoir area. Another tongue 
crops out eastward from the vent area. Several days of reconnaissance 
work in the central circular area did not reveal any direct evidence of 
a source area but this is not unusual in silicic vents where a collapsed 
caldera subsequently can be filled with latter flows and tuffs and, there- 
fore, be difficult to see. The general distribution of similar flows to 
the north and east, the tendency of the Antelope Ridge-tuff to thicken 
toward this central area, the lack of crystals near Triangle and the pres- 
ence of broken crystals near Jacks Creek (nearer the proposed center of 
the source area), all support the hypothesis that this is the source area 
for the Antelope Ridge tuff. 





Figure 9. Weathering pattern in Antelope Ridge tuff. 


Juniper Mountain Tuff and Flow Complex 


An extensive series of pyroclastic and lava flows surround and 
cover Juniper Mountain. Only a few of the northernmost flow lobes of 
this sequence crop out in the present study area but these are quite ob- 
vious along the southern edge of Plate 1. The contact between these lobes 
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and the older welded tuff, Tt._ is hidden by the east-west trending out- 
crop of “upper basalt" in the Juniper 3 quadrangle. Contacts between the 
lobes and Tt, are difficult to see on the ground but can be drawn with 
reasonable atcuracy from U-2 imagery photos. The Juniper Mountain com- 
plex appears to be younger Stratigraphically than Tt, or Tt,_ but its 

age relation to other pyroclastic units cannot be detonstratéd and is 
unknown. The complex is older than the “upper basalt". 


Appendix A shows the Juniper Mountain area reproduced from U-2 
imagery. The flow lobes Surrounding the mountain are visible. Several 
curvilinears which could be possible vent or ring fractures associated 
with caldera collapse are located near the summit of the mountain. The 
youngest set of flows which forms the mountain tops are also apparent. 
Juniper Mountain appears to be a source area for these flows and indeed 
is probably a major volcanic center for the Idavada Volcanics in southern 
Owyhee County. 


The extent of coverage of the volcanic units which emanated from 
Juniper Mountain is difficult to assess because much of the area due south 
of Juniper Mountain is covered with “upper basalt" flows. The Juniper 
Mountain tuff/flow units are believed, however, to extend southwards at 
least to the main drainage of the Owyhee River as distinctive Juniper 
Mountain pink colored flows and tuffs form Red Canyon which drains into 
the Owyhee. Walker and Repenning (1966) have mapped extensive areas of 
ignimbrite to the west of Juniper Mountain in Oregon. As noted, they did 
not find any source area for these units however, the semi-circular pat- 
tern of these outcrops (map symbol Ttr, Figure 10) would center approxi- 
mately on Juniper Mountain. 


From a geologic point of view the pyroclastic flows and tuffs which 
make up the Juniper Mountain complex should afford an excellent study of 
the changes that occur laterally and vertically in a volcanic sequence as 
related to its distance from a source. Near the northern edges of the 
flow lobes, the Juniper Mountain tuffs are almost indistinguishable from 
other tuff units. As the extremities are left and the crest of Juniper 
Mountain is approached, the following changes occur in the tuff/flow se- 
quence. 


1. Basal vitrophyres contain large numbers of crystals up to 
One centimeter in length. 


2. Flow banding becomes more common. 

3. Crystals increase in quantity in a vertical scale in the 
tuff/flows and become larger as the top of the mountain 
is approached. It also appears as if individual flows in- 
Crease in crystal content horizontally toward the source 
area. 


4. Lithophasae are common in upper units (Figure 11). 
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Figure 10. Geologic Map of the Western Half of the Jordan Valley. 
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5. Distinctive red and pink units which are probably 
lava flows instead of tuffs occur in Red Canyon and 
were observed only in the vicinity of Juniper Moun- 
tain. 


The Juniper Mountain volcanic center is undoubtedly more complex 
than can be outlined by a reconnaissance report. These rocks should be 
dated and, as observed above, should offer an excellent opportunity for 
detailed petrologic and geochemical studies of both horizontal and vertical 
Changes which occur near a silicic volcanic vent area. 





Figure 11. Lithophasae in one unit of the Juniper 
Mountain tuff/flow complex. 


Upper Basalt (Banbury Basalt Equivalent?) 


The south central portion of the map area is covered by an east- 
west strip of "upper basalt". This unit probably is the same as the upper 
basalt described by Bennett and Galbraith (1975, p. 19) in the Triangle 
and Flint Creek quadrangles to the north. This basalt is believed equi- 
valent to the Pliocene, Banbury basalt as described by Asher (1968, p. 46). 
The unit is thin, seldom exceeding 100 feet in thickness and is essentially 
horizontal. 


The source area for the "upper basalt" in the Juniper 3 quadrangle 
is off the map, west of Dougal Reservoir. Appendix A shows a U-2 image 
of this source showing several flows which have come out of the vent. Lava 
flows from this vent flowed down the east-west trending valley just north 
of Juniper Mountain. A major north-south fault which extends from Squaw 
Creek to Dougal Reservoir and far to the north has down dropped the vent 
area relative to this valley. 
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The "upper basalt" in the southeastern part of the area is similar 
in appearance to the basalt in the western area. Basalts in both areas 
are open textured and tuffaceous in most hand specimens and outcrops ex- 
hibit short crude columns. The source of the eastern "upper basalt"is 
unknown but several low hills out on the plateau between the present study 
area and the Nevada/Idaho state line are possible vent locations for this 
material. 


An extensive area of what is believed to be this same type of ba- 
salt was mapped by Walker and Repenning (1966) in southeastern Oregon. 
The source for this basalt may be along an extensive east-west trending 
fracture system which will be described in a later section. 


An isolated area of “upper basalt" was mapped just east of South 
Mountain. The elevation of these outcrops are 6400-6500 feet which is 
anamolous because it is a thousand feet higher than the other flows of 
Tbb. This area is situated on the drainage divide in Tt,. No source area 
is known for this basalt; possibly it is an uplifted erosional remnant of 
one of the border basalt sheets. 


Interbeds and alluvium 


Several interbeds are noted in Plate I. These are believed to be 
shallow lake deposits that formed on the welded tuffs. No fossils were 
observed in these units. Surficial deposits in the study area are confined 
to alluvium which fills major drainage valleys as noted in Plate I. 
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GEOPHYSICAL INVESTIGATIONS 


Both airmagnetic (Figure 12) and gravity (Figure 13) maps are avail- 
able for the study area and surrounding country. The gravity map (Mabey, 
Peterson and Wilson, 1974) could use more data stations but is probably 
sufficient for delineating the broad-scale features described below. A 
number of interpretations can be made from the patterns. 


The airmagnetic map (U. S. Geological Survey, 1971) is part of a 
larger map which covers all of southwestern Idaho. A portion of this map 
was enlarged and overlaid on the AMS topographic base to produce Figure AZ. 
The most obvious feature in Figure 12 is the large airmagnetic low which 
covers the area from slightly north of Silver City to north Of Juniper 
Mountain. Most of this area is below 900 gammas except for a slightly off 
center high area which rises to 940 gammas over the Flint Creek mining dis- 
trict. Two lows of 780 gammas are centered on Noon Creek (approximate 
center of the outcrop pattern of Tt,.) and on the Deep Creek road near the 
6020 base elevation marker (the centar of the proposed source area for the 
Antelope Ridge tuff). Another 780 gamma low area is located north of Silver 
City and is nearly centered on Black Mountain. Black Mountain should be 
examined aS a possible source area for the eastern part of Asher's Welded 
tuff 1 and Neill's Browns Creek member. Juniper Mountain is marked by a 
concentric pattern of contours which rise to 1000 gammas just east of the 
summit. 


The gravity map, like the airmagnetic map, is broad scale and may 
change as more observations are made. The regional gravity trend is a de- 
crease in gravity from the Snake River Plain to the southwest. Small an- 
omalies interrupt this regional trend. Concentric coutours of -160 and 
-150 milligals enclose the Antelope Ridge tuff source area. A hatchured 
-150 milligal contour surrounds Black Mountain and adjacent areas to the 
west. A -140 and -130 milligal contour set enclose the Flint Creek-DeLamar 
area. A hatchured -170 milligal contour surrounds the area just east of 
the peak of Juniper Mountain. 


Interpretation of the above described small magnetic and gravity 
anomalies is difficult as has been pointed out by Mabey (1976, p. 53) in 
his interpretation of the airmagnetic and gravity data for the Snake River 
Plain. His discussion was based on different portions of the same maps 
that are used in this report. The basaltic and rhyolitic "bimodal" assem- 
blage of volcanic units and the granitic/metamorphic basement lithologies 
combined with a lack of subsurface information about the thickness of the 
various units contributes to the interpretation problem. However, the 
close association of several of the small anomalies with proposed silicic 
vent areas seems more than just coincidence. The most striking of these 
anomalies is the proposed Antelope Ridge tuff source area which is per- 
fectly outlined by magnetic and gravity contours. 
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VOLCANIC SETTING 


Examination of the data which has been gathered for the Silver 
City - Juniper Mountain - Southeastern Oregon areas reveals a comp 1ex 
pattern of volcanism which is only partially understood at the present 
time. The following is an overall synthesis of the volcanic history of 
this region which will undoubtedly be modified as work progresses in the 
area. 


The Owyhee Plateau area has been a site of volcanic activity through- 
out much of Tertiary time. Between the South Fork of Castle Creek and 
Poison Creek is a fairly extensive sequence of volcanic and hypabyssal 
rocks described by Neill (1975, p. 16) and dated by Axelrod (1968) as Eo- 
cene in age (43.6 + 0.8 m.y., biotite, K/Ar). This makes these rocks 
equivalent in age as well as in appearance to the Challis volcanics in cen- 
tral Idaho. 


The next stage of volcanism is recorded by the Miocene "lower basalt" 
sequence (Pansze, 1971, p. 30, 16.6 m.y. + two younger dates, K/Ar) which is 
time equivalent (but not necessarily compositionally equivalent) to the 
Columbia River Basalt. Source areas for these basalts are unknown but may 
have been by fissure flow. 


The next sequence of volcanism is recorded in the Idavada volcanics. 
For purposes of description the Idavada is divided into the following units 
with age dates and source areas as noted. 


5. Welded tuff 2 - (Bennett and Galbraith, 1975; Asher, 1968) equal 
to the Owyhee Ridge member of Neill, 1975. Source area sug- 
gested by Bennett and Galbraith (1975, p. 16) are the silicic 
and latite domes of the Silver City area dated by Pansze(1975, 
Deo medi. 15.0 —eld./, Mey. 


4. Antelope Ridge tuff - (Bennett, this report) equals Owyhee 
Plateau member of Neill, 1975 and dated by him at 9.4 - 9.7 
m.y. Source area in the vicinity of Battle Creek Well on 
the Deep Creek Road (Mahogony series quadrangles). The source 
area is apparent on LANDSAT imagery and marked by both air- 
magnetic and gravity anomalies. The original area covered 
by the Antelope Ridge tuff may have been extensive as rocks 
similar in appearance are located just east of South Mountain 
and in Split Rock Canyon to the northwest. 


3. Browns Creek Member (Neill, 1975). This unit is a crystal 
rich, highly contorted welded tuff which forms much of the 
pediment slope between Castle and Hart Creeks. Dated by 
Neill at 10.7 + 0.7 m.y.3; he noted its similarity to a tuff 
in the Reynold's Creek area dated at 11.1 + 0.6 m.y. This 
unit may be the same as the eastern portion of Asher's Welded 
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With the exception of Tt}, all of the Idavada units lie on or just 


tuff 1. Both areas are geographically positioned for 
a source area in the vicinity of Black Mountain, north 
of Silver City, which is characterized by airmagnetic 
and gravity anomalies. 


Juniper Mountain tuff/flow complex (Bennett, this report). 
No dates are available on this unit but it is younger 

than Welded tuff 1 and older than "upper basalt". The 
source area is near Juniper Mountain as seen on LANDSAT 

and U-2 imagery. Extensive areas adjacent to Juniper Moun- 
tain in Oregon may be covered with pyroclastics from this 
source. Airmagnetic and gravity contours enclose an area 
just east of the top of Juniper Mountain. Several curvi- 
linears (possible vents) are observable on LANDSAT image 
near the summit of the mountain. 


Welded tuff 1 (Bennett and Galbraith, 1975, Asher, 1968). 
This is believed to be the oldest pyroclastic unit in the 
area and is the most extensive. Neill's Poison Creek mem- 
ber, dated by him at 13.1 - 13.8 m.y., may equal Tt, as 
may the western part of Asher's Tt,. Tt,. may be a sub- 
facies of Tt, or an independent unit by }eself, No source 
area iS knowh for this unit. 


outside the ring of exposed granitic basement which forms a large rim 


around a central basin which is drained by Jordan and Boulder Creek (Fig- 
The drainage divide in Welded tuff 1 forms the southern arc of 


ure 8). 


Chis rin. 
mately 22 miles in length (north-south) and 25 miles in width (east-west). 


This basement ridge forms a horseshoe-shaped bowl approxi- 


I believe evidence exists pointing to this area as a possible collapsed 
caldera similer in scale to the Island Park or Yellowstone calderas but 


8-10 million years older. 


dera is as follows: 


li 


The bowl-shaped depression is an airmagnetic low and is 
almost perfectly outlined by an 900 gamma contour. 


All known silicic vents lie along or just outside the cir- 
cular rim except Tt, which fills and flows out of the 
depression. 


Smith and Bailey (1968, p. 25) note that many known col- 
lapsed calderas are traversed by grabens. Figure 8 shows 
that a major east-west fault transects the bowl depression 
and Walker and Repenning's (1966, Figure 10) map also 
shows this structure and many subparallel faults. This 
fracture system may be a source for some of the extensive 
"upper basalt" flows which have flooded the region. 


The western edge of the bowl is down faulted by the same 


north striking fault which offset the upper basalt from 
its source vent near Dougal's Reservoir. 
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Evidence for the existence of a collapsed cal- 


Ge 





Figure 14. 
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Sequence of events for collapsed and resurgent calderas. I Regional tymescence and generation 
of ring fractures. II Caldera-forming eruptions. III Caldera collapse. - IV Preresurgence 


volcanism and sedimentation. V Resurgent doming. VI Major ring-fracture volcanism. (from Smith and 
Bailey, 1968) 


5. Figure 14 is from Smith and Bailey (1968, p. 634) and 
shows the sequence of events which may occur during 
the formation of collapsed and resurgent calderas. 
Steps 1, 2 and 3 could have resulted in the extrusion 
of Tt, and subsequent caldera collapse while 4, 5 and 6 
could have resulted in the emplacement of the younger 
tuffs around the central collapsed feature. It is also 
feasible that all known tuffs are second stage and that 
the original silicic volcanics associated with collapse 
are buried under the Snake River Plain or younger 
pyroclastic units. 


6. The actual thickness of Idavada rocks is probably con- 
Siderably greater than indicated on the plateau. Mabey 
(1976, p. 55) shows a layer of silicic volcanics underly- 
ing the Snake River Plain in both models which he proposed 
to explain the airmagnetic and gravity profiles over the 
the Snake River Plain. A.R. Hanson, a geologist with 
Anschutz Corp. (pers. comm., 1976) reported that a drill 
hole between Castle and Birch Creeks went over 11,000 
feet deep without intersecting granitic basement. This 
hole went to 2500 feet in basalt, 4700 feet in rhyolites, 
5800 feet in shales of the Sucker Creek formation and from 
5800 feet to bottom in what was called the Jarbridge rhy- 
olite and basalts. Although it is impossible to correlate 
any of the drill hole data with the surface stratigraphy 
it does seem as if there is a considerable amount of sil- 
icic volcanics which have yet to be described under the 
Snake Plain area. The propesed caldera might be a source 
for some of these rocks. 


7. Figure 15 is a terrain diagram of the Timber Mountain cal- 
dera in southern Nevada (Byers and others, 1968, p. 89) 
which appears very similar geologically to the Silver City 
- South Mountain area (compare Figures 3 and 19). Timber 
Mountain is a resurgent dome in the center of the caldera. 
The airmagnetic and gravity highs over the Flint-Delamar 
area could reflect a buried resurgent dome. 


The existence of this large caldera is at best hypothetical and 
is based on extrapolated evidence. The reality of such an important fea- 
ture would obviously affect geothermal development as well as mineral ex- 
ploration, and could possibly be confirmed by detailed geologic and 
geophysical studies. 
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RECONNAISSANCE GEOCHEMISTRY 


INTRODUCT ION 


During the late 1800's, the total gold production from the Silver 
City-DeLamar region, north of the present South Mountain - Juniper Moun- 
tain study area, is estimated at approximately $40,000,000 based on prices 
at the time of production (Asher, 1968). By comparison, the historical 
mining and exploration story of this study is insignificant. The only min- 
ing activity in the area is one adit in a small sulfide vein containing 
copper mineralization on Soldier Creek. Mines at South Mountain and along 
the South Fork of Castle Creek fall outside the project boundaries. 


During the gold boom as many as 10,000 people inhabited the mining 
towns of Silver City and DeLamar and from this it would seem impossible 
that any outcropping of mineralized material would have gone unnoticed in 
the surrounding region. This being the case, new methods and tools to 
explore beneath the surface are required if new ore bodies are to be dis- 
covered in or near these old mining districts. 


PURPOSE OF A RECONNAISSANCE GEOCHEMICAL STUDY 


The purpose of a reconnaissance geochemical survey is to evaluate 
a large region as rapidly and economically as possible for potential! zones 
of mineralization. These zones are targets or focal. points for follow up 
work such as more detailed stream sediment surveys, soil surveys, rock 
surveys and/or geophysical work which industry or land holding agencies 
normally conduct. Theoretically, stream sediments are a composite of de- 
bris from rock units upstream and if mineralization is sufficiently pre- 
sented in the drainage then it will be reflected in the sediment sample. 
Analysis of the sediment sample for various metallic trace elements will 
show areas of anomalous concentrations of these elements. Follow-up sur- 
veys can then concentrate on the drainages which contain the anomalous 
mineralization indicators. 


The purpose of this report is to give a first approximation of the 
mineral potential of the study area. It is intended as a guide which will 
provide information to those government and private concerns which have a 
basic need for this type of data for sound land management and develop- 
ment practices. 


SAMPLING PROCEDURES 


A total of 583 stream sediment samples were collected from the 
approximately 450 square miles in the study area. Plate 2 shows the 


ei) 


location of each sample site and the number assigned to the sample taken 
from each site. One sample per square mile is generally considered ade- 
quate for reconnaissance work. Readers unfamiliar with geochemical ex- 
ploration techniques are referred to Bradshaw, Clews and Walker (1972) 
and Levinson (1974). 


The-stream sediment samples were collected from the active portion 
of the stream. The smallest (clay-silt-sand) size particles were collec- 
ted as only the -80 mesh fraction was to be analyzed. Approximately a 
pound of fine material was collected in labeled paper geochemical sample 
bags. Attempts were made to exclude as much organic material as possible 
from the samples; organic material may complex trace elements and produce 
false anomalies. Many samples collected late in the field season were 
taken from dry stream beds, as most of the streams in the area dry up in 
July. All samples were sun dried and then transported -to the University 
of Idaho, Moscow, Idaho for analysis. 


ANALYTICAL PROCEDURES 


The stream sediment samples were analyzed at the Idaho Bureau of 
Mines and Geology analytical laboratory, University of Idaho. These were 
dried in electric ovens at 80°C and sieved through a -80 mesh stainless steel 
Sieve. The -80 mesh fraction was temporarily stored prior to analysis 
and the coarse fraction was discarded. 


Two analytical methods were used in the laboratory; atomic absorp- 
tion spectrophotometry and colorimetry. The two methods analyze different 
aspects of the sample. Colorimetry (cold extractable techniques) uses a 
weak digestion which analyzes the quantity of loosely held ions such as 
might be absorbed on clay surfaces or in oxide coatings on sand grains. 
Atomic absorption uses a hot acid digestion which analyzes sulfides or ox- 
ides in the sample and some of the more easily digested silicate minerals. 


Five elements were determined by atomic absorption spectrophotomet- 
ry. These were zinc (Zn), nickel (Ni), lead (Pb), silver (Ag) and copper 
(Cu). Ten grams of sample were digested in hot aqua regia as directed in 
the Perkin-Elmer Manual (1973). The atomic absorption data was processed 
by computer to obtain final parts per million values. 


Appendix B lists all of the study samples collected with the geo- 
graphic x-y coordinates based on our grid system and the trace element 
content for each element in parts per million (ppm). Duplicate samples 
generally show good agreement, reflecting the reproducibility of the an- 
alytical techniques. The two cold extractable values are also given, but 
these are in milligram equivalents of zinc and copper instead of ppm. 
Appendix B was prepared by computer program REDUCE (Galbraith, 1974) 
written for the statistical handling of geochemical data on the University 
of Idaho's IBM 370 Model 147 computer. 
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Table 2 presents the basic statistics for the 583 samples. In 
Table 2 the mean is the center of gravity or central value for the element, 
the variance is a measure of the spread of the data, the standard devia- 
tion is the average deviation of the data from its mean, the skewness in- 
dicates the symmetry of the data about the mean and the kurtosis is a 
measure of the peakedness of the distribution. For many trace element 
distributions, histograms of the elemental concentrations are skewed and 
do not represent a normal distribution; however, histograms based on log 
transformed concentrations do approximate a normal distribution. Bennett 
and Galbraith (1975, p. 38) noted the log distribution of elements in the 
Silver City area. Histograms (not illustrated) of the present study data 
indicate a similar log distribution. Table 3 shows the statistics based 
on log transformed data for the atomic absorption analysis. The element 
means and threshold (mean plus two standard deviations) are converted back 
to ppm for reader convenience in Table 3. All values above the threshold 
are considered anomalous (may indicate mineralization). The raw values 
are, however, used in the data analysis for the cold extractable techniques 
as the distribution of these raw values is more normal than the log trans- 
formed data. 


COMPARISON OF 1975 AND 1976 STUDY RESULTS 


Table 3b shows the trace element distribution in the Silver City re- 
gion from Bennett and Galbraith (1975, p. 46) based on samples from drain- 
ages of less than three square miles with contaminated samples removed 
(308 samples total). Bennett and Galbraith (1975, p. 47) examined several 
data sets based on drainage size and the presence or absence of contamin- 
ation sources to try and eliminate as much of the contamination problem 
that exists in the Silver City area as was possible. The present study 
area has virtually no contamination from old mine workings so these data 
should be comparable with uncontaminated samples from the Silver City- 
-South Mountain study. Comparison of the two data sets (Table 3) shows good 
agreement. 


Several elements analyzed by Bennett and Galbraith (1975) including 
chromium, manganese, molybdenum and gold were not analyzed in the present 
study. There are several reasons for this. Molybdenum was dropped be- 
cause of the unreliability of molybdenum analysis. The high correlation 
of chromium, nickel and manganese (all three are dependent on lithology, 
Bennett and Galbraith, 1975, p. 54) necessitated the running of only uiie 
of these elements. Gold analysis was also dropped because of the high cor- 
relation between gold and silver in the Silver City areas. 


METHODS OF DATA PRESENTATION 


Figure 16 (a-e) Shows the distribution of the trace elements zinc, 
nickel, lead, silver and copper as symbols representing values which 
fall within a given small range. These maps 
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Table 5. Selected trace element values for several volcanic/ 
plutonic rock types. 


Circle Creek 
Rhyolite Nev. 
(Coats, 1968, 
p. 99) : 


Zn not detected 


Ni (< .002% = 
< 2 ppm) 


Pb.t ; 003%. = 
30 ppm) 


Ag not detected 


Cost. 00102 « 
10 ppm) 


Devine Canyon 
tuff, Ore. 
Greene, 1973, 
Deaeu 


Welded tuff of 
Idavada (Qwyhee 
Quad) (Coats, 
1968, p. 99) 


not detected 


(002 76= 
< 2 ppm) 


(D052 == 
30 ppm) 


not detected 


(<00T22 = 
12 ppm) 


Tuff of Caldera 
rim (Yellowstone) 
(Hamilton, 1965, 
p23 


not reported 


(< .002% = 
< 2 ppm) 


(.003%, = 
30 ppm) 


not reported 


(e200 ies 
10 ppm) 


Basalts (general) Basalts (general) 


Turkian and 
Wedepohl, 1961 


Vinogradov, 1962 


Tuff erupted during 
and after collapse 
of Caldera (Yellow- 
stone) (Hamilton, 
ToGo nN aco) 


not reported 


(<2 00274— 
< 2 ppm) 


(003745 
30 ppm) 


not reported 


(e001? = 
10 ppm) 


Felsic granites and 
(general) granodio- 
rites, Vinogradov, 
13628 


— SS eee 


13 samples 
Zn not detected 


Ni not detected 
to 20 ppm 


Pb 10-50 ppm 
Ag not detected 


Cu 5-20 ppm 


105 ppm 
130 ppm 


6 ppm 
.11 ppm 
87 ppm 


130 ppm 
160 ppm 


8 ppm 
.1| ppm 
100 ppm 


60 ppm 


8 ppm 


20 ppm 
.05 ppm 
20 ppm 


ee 
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(called Z-maps) were prepared by a computer program called ZEMAPR which 
was written by Howarth (1971). It was written specifically to plot geo- 
chemical data for regional reconnaissance with stream sediments. Occas- 
jonally a sample may be missing from these maps because the maps are put 
out on a line printer and samples that are too close together to be 
printed are averaged. 


The data presented in the Z-maps are the log data that have been 
standardized. The standardized values were obtained by subtracting the 
mean of the data from each log value and dividing the results by the stand- 
ard deviation. The advantage of using standardized data is that the values 
0, 1, and 2 represent the mean, the mean plus one standard deviation and 
the mean plus two standard deviations (threshold value) for each element 
regardless of the original ppm values which may vary considerably from 
element to element. This procedure makes it much easier to compare the 
different element maps. 


A few of the sample stations shown in Plate 2 and the Z-maps were 
moved upstream from their actual positions in order to obtain a better 
areally representative sample distribution. This in no way affects the 
data interpretation as the sample is considered a composite of all mater- 
jal in the drainage. The actual elemental concentration for any sample 
can be found easily by comparing the Z-maps with Plate 2, finding the 
sample number on Plate 2, and looking up the sample number in Appendix A. 


The linear correlation coefficients between the five elements and 
the two cold extractable methods is shown in Table 4. The correlation 
coefficients range from 0 to 1; the closer to | the better the correla- 
tion between the two elements. 


Table 5 is a listing of trace element qualities in various rock 
types which are similar to rock units in the study area. The analyses in 
Table 5 will be used as a qualitative estimate of background values. As 
the sediment samples often represent a drainage contained in only a single 
rock type, we can compare the sediment element concentration with the ex- 
pected value (background) from Table 5 to see if anomalies are representa- 
tive of possible mineralization or just different background readings in 
different rock types. Table 5 can only be used as a rough approximation 
as the chemistry of the rocks in the study area may vary considerably from 
the analyses in the table. Variances in weathering and elemental behavior 
in the secondary environment will also drastically affect rock and sediment 
chemical comparisons. 


DISTRIBUTION OF TRACE ELEMENTS 
Zinc (Zn) 


Table 5 shows that zinc was not detected in any of the volcanic tuff 
analyses. Basalts might be expected to contain 105-130 ppm Zinc and gran- 
odiorites 60 ppm. Figure 16a is the Z-map showing the distribution of zinc 
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in the study area. The mean value for zinc is 56 ppm and the threshold is 
147 ppm. Three samples exceeded this value, 2117 (258 ppm), 1136 (147 ppm) 
and 3183 (164 ppm). All three of these samples are from streams which 
drain "lower basalt". Samples 1136 and 3183 quite possibly reflect back- 
ground as zinc content in basalts is normally within this range. The 
location of sample 2117 might be a target area for a more detailed suryey. 


The rest of the data in Figure 16a shows that the next three value 
ranges below the threshold ($ sign), which are represented by the symbols 
M, V, and O are mainly confined to the "lower basalt" (M and V) and in 
welded tuff 1 (best shown by the 0 symbol). There is an obvious decrease 
in the zinc content of samples from drainages in the Antelope Ridge tuff 
and Juniper Mountain tuff/flow sequence and a surprising lack of high zinc 
values " the areas covered by "upper basalt" (compare Plate 1 and Fig- 
ure l6a). 


Table 4 shows that zinc is best correlated with copper and next with 
nickel, both of which have a higher background in basalts than in felsic 
rocks. As noted, the correlation between zinc and CxHM (cold extractable 
total heavy metals) is very low. 


Nickel (Ni) 


The mean for nickel in this study is 13 ppm and the threshold is 54 
ppm (Table 3). Nickel has a distribution in rocks similar to zinc as this 
element has a higher background in basalts (130-160 ppm) than in grano- 
diorite (8 ppm) or tuffs (2-20 ppm) as shown in Table 5. 


Figure 16b shows the heavy concentration of high nickel values in 
“lower basalt". Higher values are also common in the “upper basalt" while 
all of the tuff units have relatively low nickel values. Nickel has a bi- 
modal distribution that indicates the presence of two distinct populations 
of nickel values in the data (one due to the basalts and one to the silicic 
rocks). Three samples 1136 (91 ppm), 3128 (94 ppm) and 2140 (120 ppm) con- 
tain the most nickel in the area. 1136 was also high in zinc. Table 4 
Shows that nickel is best correlated with copper (coefficient .88) and 
to a lesser extent with zinc. 


Lead (Pb) 


The mean and threshold values for lead in the study area are 14 ppm 
and 27 ppm respectively (Table 3). These values are compared to lead in 
tuff (10-50 ppm), basalt (6-8 ppm) and granodiorite (20 ppm). 


Figure 16c shows the distribution of lead values. Anomalous sam- 
ples include 2117 (33 ppm, also high in zinc), 2190 (35 ppm), 2223 (28 
ppm), 2232 (27 ppm), 2262 (28 ppm) and 3183 (28 ppm also high in zinc). 
Table 4 shows that lead has a poor correlation with all other elements. 
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Silver (Ag) 


The mean value for silver in the project area is 0.33 ppm and the 
threshold is 0.80 ppm. Silver is below detection limits in the analysis 
of tuff samples; it averages 0.1 ppm in basalts and .05 ppm in granodior- 
ites. Discrepencies between the mean in this report and those from other 
analyses may reflect different analytical procedures and the differences 
in precision between these methods when analyzing for such small quantities 
or differences in silver mobility in different chemical environments. 


Figure 16d shows the distribution of silver values. Anomalous sam- 
ples include 1143 (1.0 ppm), 2190 (2.0 ppm, also high iA olead) e.co0 lose 
ppm) and 3238 (.99 ppm). There appears to be a concentration of next 
lower values (M, V, 0) in the "lower basalts" and the area Surrounding 
nor Mountain. Silver has a weak correlation with zinc and copper (Table 
ANG 


Copper (Cu 


The values of copper in Table 5 are 5 to 20 ppm in the tuffs, 8/- 
100 ppm in basalts and 20 ppm in granodiorites; these are compared to 
18 ppm for the mean and 47 ppm for the threshold value in the project 
samples. 


Figure 16e shows the distribution of copper values in the study 
area. Again there is a noticeable concentration of high values around 
South Mountain. There are 13 samples with over 50 ppm copper. The higher 
of these are 2164 (60 ppm), 2140 (57 ppm) and 2128 (57 ppm). All three 
are also high in nickel. There are only 3 of the thirteen anomalous sam- 
ples which are not associated with anomalous nickel (3120, 3172, 2146). 


The lower values of copper (especially the 0 symbol) outline on 
the Z-map the “upper basalt" and the north-central part of the map which 
is covered by welded tuff 1. As noted previously, copper correlates very 
well with nickel, fairly well with zinc, slightly weaker with silver and 
poorly with the other elements. 


Cold Extractable Total Heavy Metals (CxHM 


The numbers reported for CxHM are the number of drops of dithizone 
added to each sample to obtain a standard value (zinc standards are used). 
The test is most sensitive to zinc (hence zinc equivalent values) but is 
also sensitive to other metallic elements (see Levinson, 1974, p. 551 for 
technique). The values shown in Appendix A are converted to ppm values 
by doubling the appendix value (i.e. reported value of 10 x 2 = 20 ppm). 
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Bradshaw and others, 1974, gives a synopsis of the advantages and 
disadvantages of various extraction techniques. The cold extractable 
techniques are very useful because they are sensitive to only the most 
easily removed metals. These are generally metallic ions which have been 
transported in ground water until pH and Eh conditions necessitate pre- 
cipitation of the metals. The metals are precipitated on clays, organic 
matter or as hydrous oxides or metallic salts. Metals moved and precipi- 
tated by these mechanisms give rise to hydromorphic anomalies. It is 
these anomalies that are detected by the cold extractable methods. 


Z-maps are not included for the cold extractable methods as there 
is only a very limited range of values reported (see Appendix B). Figure 
17 shows the samples with values equal to or greater than 10 (=20 ppm 
zinc equivalent). There is obviously a considerable difference in the 
distributions of high CxHM values and anomalous samples from the more rig- 
orous extraction used in the atomic absorption analysis (see Summary 
section for discussion). High CxHM values are concentrated in the eastern 
map area and along the South Fork of Boulder Creek just east of South 
Mountain. There are few high values south of the South Mountain lookout 
in the copper-nickel high area. 


Cold Extractable Copper (CxCu) 


Analysis for cold extractable copper was by the biquinoline technique 
(Levinson, 1974, p. 553). Values were determined by visual comparison with 
copper standards. 


Only 5 osamples (2110 =-0.20,5-310/ =. 0.20. 3141 5— 01.0 03) 44 eee 
3169 = 0.20) are shown in Figure 17. All other samples were equal to or 
below 0.10 (10 ppm) CxCu. These values, like the CxHM analyses, are micro- 
grams equivalent copper (multiply all C x Cu values in Appendix A by 10 
to obtain ppm). Sample 3107 and 3109 also have high CxHM values. Samples 
3144 and 3141 are near the head of Noon Creek and 2110 is near the conflu- 
ence of Cabin Creek and Corral Creek. 


SUMMARY OF GEOCHEMICAL RESULTS 


Out of 583 stream sediment samples no values were found which were 
exceedingly high for any element. This indicates that there is little 
chance of finding outcrops which contain anomalous metal concentration. 
Figure 17 shows the location of all samples which were anomalous in any 
element plus the high cold extractable results. 


While high values of zinc and copper (Figures 16a and 16e) from the 


atomic absorption analysis are concentrated south of South Mountain, next 
higher values are concentrated in the north-central map area covered by 
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Welded tuff 1. Bennett and Galbraith (1975, p. 52) noted that Welded 
tuff 1 was high in silver just north of the present study boundary. It 
is possible that these next lower values indicate mineralization beneath 
the ridge which forms the drainage divide in Welded tuff 1. 


An interesting difference in distribution is shown by the cold ex- 
tractable techniques and atomic absorption analysis (Figure 17). Many of 
the higher cold extractable values lie in the eastern map area in the An-- 
telope Ridge tuff and the Sunshine Valley/Camel Creek area. These may 
be hydromorphic anomalies reflecting deeper mineralization especially in 
the Antelope Ridge tuff as there are mines along the South Fork of Castle 
Creek just east of the present study area. The CxCu and CxHM anomalous 
area along and just east of the South Fork of Boulder Creek is most inter- 
esting as this is also the area of anomalous “upper basalt". 


Anomalous values from the atomic absorption analysis are located 
mainly in the South Mountain area and probably reflect the chemical dif- 
ference between the "lower basalt" and the other more felsic units. 

Several areas which might be of interest to future workers include: 


1. The Sunshine Valley/Camel Creek area which has anomalous 
silver and cold extractable values (sample 3236, Gecappn 


Ag). 

2. The location of sample 2117 (anomalous Pb and Zn) between 
Juniper Creek and Cabin Creek just east of Anderson Reser- 
VOU. 


3. The area just east of the South Fork of Boulder Creek (high 
CxCu and CxHM values). 


4. The drainage divide in Welded tuff |. 


Soil sampling as well as stream sediment sampling should be employed in 
follow up work in these areas. 
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Figure 16 (a-e) Z maps showing the distribution of the 
standardized log values for trace elements. 
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Figure 16a Zinc (Zn) 
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Figure 16e Copper (Cu) 
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Geochemical anomaly map. 





STRUCTURAL GEOLOGY 
(Linear Interpretation) 


INTRODUCTION 


The structural interpretation presented is based solely on a computer 
assisted linear interpretation from the U-2 1:130,000 scale, color infra- 
red imagery. The reasons for this are: 


1. In the field evidence of faulting is rarely observed as most 
faults are eroded scarps and all positive signs such as gouge, 
slickensides, drag folds, etc. have been removed by erosion. 


2. Extensive fault systems are difficult to see in the field from 
ground level as continuity over long distances is lost (as it 
is on large scale imagery). 


3. A far better interpretation can be made from the remote imagery 
which allows the observer to see extensive fracture systems, 
especially in an area with poor vegetative cover like Owyhee 
County. 


4. Reconnaissance geologic mapping precludes spending a great deal 
of time in detailed mapping of fault systems. 


Plate 3 is the linear map which overlays Plate 1 for orientation. 


There are problems with a linear interpretation based on remote imagery. 
The linears mapped are just that; lines that appear on the imagery. These 
lines may or may not be faults or other geologic features such as differentially 
weathered contacts between two or more lithologic units, veins or dikes. Some 
faults may not be observed because of low dipping fault planes which do not show 
on vertical photography. Finally the interpretation is quite subjective and two 
observers may come up with different linear maps. Many of these problems are 
minimized by using only experienced interpreters. 


The color infrared U-2 imagery was selected over other types of imagery 
because of its fine resolution, and because each frame covers approximately 
one quarter of the study area allowing long fractures to be easily traced. 
Hall and Walsh (1974, p. 17) noted that there is little similarity between 
linear maps derived from various scales of imagery. As a general rule as the 
scale becomes smaller, longer linears are more easily observed. For example, 
LANDSAT imagery (scale 1:250,000) is good for mapping very long fractures and 
a map from this imagery will contain a few long linears in comparison to a map 
based on 1:30,000 scale imagery which will contain many more linears but most 
of them will be relatively short. Hall and Walsh (1974, p. 33) suggested that 
jmagery on a scale of 1:70,000 - 1:125,000 would give the best overall results. 
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Figure 18b 


Linear lengths are between 0.0 and 1.0 inches. 
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Figure 18d 


Linear lengths are between 1.0 and 2.0 inches. 
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The profusion of linears on Plate 3 points out another problem with 
interpretation. What do they all mean? Most interpretations are made 
by "eyeballing" in features that correlate with the linear map. An attempt 
has been made in this report to statistically examine the linears on Plate 
3 by computer. The software to handle this task was written by J. 0. 
Williams (1975). 


JOINTING 


Plate 1 shows the azimuth direction (strike) of the many joints 
which occur in the rocks in the study area. The joint attitudes were taken 
from the U-2 imagery. Joints are well developed in the Juniper Mountain 
tuff/flow complex and Welded tuff 1. Other units lack well defined joint 
sets that are visible on the imagery. 


The joint patterns in the Juniper Mountain complex are mostly con- 
formable to the flow lobe pattern and are probably related to the cooling 
history of these lobes. The joints in Welded tuff 1 exhibit a much more 
complex pattern. Major sets appear to strike east-west, northeast and 
north-south. The reason for this complex jointing is not clear but is ob- 
viously much more complicated than the simple pattern exhibited in the Jun- 
iper Mountain sequence. 


LINEAR ANALYSIS 


Plate 3 was constructed by digitizing the x-y coordinates (based 
on our grid system) of each end of each linear and inputing this data to 
the computer. With both end points known., the program can then instruct 
a plotter to draw the linear map and analyze the distribution of the 
linears by length and azimuth. 


There are 750 linears in Plate 3. Figure 18(a-h) shows the distri- 
bution of all these linears by azimuth. The lengths of the linears vary 
between 0 and 12.0 inches. There are four groups of azimuths that are 
apparent in Figure 18. Most of the linears have azimuths between N 40°W 
and N 40°E with the peak of this group oriented N-S. A smaller group 
ranges from N 50°W to N 80°W and two smaller groups trend N 40°E to N 70°E 
and N 70°E to E-W. 


The distribution of the linears by lengths is also shown in Figure 
18. By far the greatest number of linears is between 1 and 3 inches (646 
total). There are 93 between 3 and 6 inches and only 10 between 6 and 
12 inches. This data is somewhat misleading as several long curved lin- 
ears were broken into segments so that the curve could be drawn in Plate 
3. Unfortunately this produced many small segments which the computer 
only recognizes as individual linears so there are actually more long 
linears than are represented in Figure 18. 
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Appendix © shows the map distribution of the various length linears 
regardless of azimuth. The short linears (0.1", 1" - 2" and 2" - 3", Fig- 
ures Cl, C2 and C3) show the following: a) a curvilinear pattern around 
the southern end of Antelope Ridge (source of Antelope Ridge tuff), b) a 
radial/curvilinear pattern in the southwestern quarter of the area in the 
flow lobes of Juniper Mountain, c) a great profusion of many small linears 
in the central part of the area mapped at Tt._, d) a lack of structures in 
the "upper basalt" and e) a more or less randam distribution of linears 
over the rest of the study area. 


Appendix D contains figures showing the distribution of various 
length linears in the three main azimuth directions, due west to N 60°NW, 
N 60°W to N 60°E and N 60°E to due east. The northeast trending set of 
linears (Figures D1-D3) show that there are few of these linears in the 
Antelope Ridge tuff and few in the "upper basalt". This may show that the 
northeast trending set of linears is older than Tat and Tbb and are there- 
fore less prominent in these units. This would also explain the fewer 
number of NE linears as they would be covered by the younger units. The 
northwest linear set (Figures D4-D5) is pervasive throughout the area, 
with a strong concentration in Tt, and Tt,_. The northwest set of short 
linears is most responsible for the high Lancentration hoted an. Tt... 
There are again fewer northwest linears in the upper basalt than ih*other 
units. The north-south linears (Figures D6-D8) are pervasive in all units 
including Tbb and are the largest group of linears. This may be the young- 
est set. As noted, the source for the "upper basalt" near Dougals Res- 
ervoir is separated from a flow to the east by a major north-south fault. 


The overall distribution of the linears in comparison with various 
lithologic ages suggests that the northeast set is the oldest, the north- 
west set is younger and the north-south set is the youngest. Asher (1968, 
p. 68) noted that three fault sets in these same directions were present 
in the Silver City area. He believed that the NE and NS sets were miner- 
alized and then offset by the NW system (youngest). Sorenson (1927, p. 28) 
noted that the primary structural trend at South Mountain was north-south. 
Obviously the structural trends in this area need a great deal of sub- 
surface data before a final solution can be found. The methodology used 
in this report is experimental and suffers somewhat from a lack of field 
data. 


LINEARS RELATED TO GEOCHEMISTRY 


The computer program used for linear analysis also computes the 
following two parameters: 
1. The total number of linear intersections per grid square. 


2. The total length of all linear segments which pass through 
a grid square regardless of azimuth. The grid used is a 
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One inch by one inch grid which in Plate 3 is scaled so that 
| inch equals approximately 1 mile. 


These two parameters are indications of ground fracturing which 
might be related to mineralization. Figure 19 is a map of all grid in- 
tersections and Figure 20 is a contour map of this data at the same scale 
as the Z-maps used in the geochemical interpretation. Figure 21 is a 
contour map of the lengths per grid cell at the same scale as the Z-maps. 


The most obvious feature of the lengths/intersection figures is 
that there is a highly fractured zone approximately 4 miles wide which 
extends east-west across the study area. The zone of most intense fractur- 
ing .is centered on Tt,_. This zone lies just north of the east-west trend- 
ing band of "upper padaite which, as noted, has probably covered up a lot 
of older structures. 


Comparison of Figure 17 (geochemical anomaly map) and Figures 20 
and 21 shows no apparent relationship between high geochemical values and 
this highly fractured structural zone. This zone is, however, parallel to 
the east-west drainage divide in Tt, to the north. There are also more 
intersections north of the fractured zone than south of it. The zone of 
high linear intersections could be caused by: 


a. Movements in and along the proposed large caldera to 
the north. 


b. Structural buttressing; this area is located between the 
topographic highs of South Mountain (drainage divide in 
Tt, to the north and Juniper Mountain (Antelope Ridge tuff 
source area to the south). 


It was hoped that a more definitive correlation could be obtained 
between the linear data and the geochemical results. Unfortunately, there 
are few favorable geochemical targets in the study area so such a correl- 
ation doesn't exist. This, however, does not detract from the importance 
of the linear study. Such a detailed analysis will undoubtedly be of 
great usefulness in future mineral inventory studies in other areas. This 
technique has great potential in solving geologic engineering problems and 
in geologic hazard zone mapping and should be evaluated further. 
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Map of all linear intersections. 


Figure 19 
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— Contour map of linear intersections. 
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Figure 21. Contour map of total linear length per grid cell. 


SUMMARY OF PROJECT RESULTS 


The Idaho Bureau of Mines and Geology in conjunction with the U.S. 
Bureau of Land Management conducted a reconnaissance geologic and geo- 
chemical survey of 500 square miles in Owyhee County, southwestern Idaho. 
No known geologic/geochemical data was available in this area previous to 
this investigation. The purpose of this study was twofold: 1. to devel- 
op new, rapid,~nondestructive techniques for the evaluation of mineral 
potential, and 2. to provide immediate geologic and geochemical data for 
the area that would be publicly available for use by federal/state agencies 
and private industry and individuals. The major results of the program 
are as follows: 


1. a) A geologic map was compiled for the area between South 
Mountain and Juniper Mountain in Owyhee County, Idaho. A major volcanic 
sequence (the Idavada Volcanics) were subdivided into three field mapable 
units; the Antelope Ridge tuff; the Juniper Mountain tuff/flow complex, 
and Welded tuff 1. Probable source areas for the Juniper Mountain tuff/ 
flow complex and the Antelope Ridge tuff were identified. 


b) All available geologic data were used to describe the vol- 
canic history of several thousand square miles in Owyhee County, Idaho and 
southeastern Oregon. A large caldera may exist in the Silver City-South 
Mountain region. This postulated collapse feature is similar in size to 
the Yellowstone-Island Park caldera but is 10-12 million years older. 


2. a) Analysis of 583 stream sediment samples for five elements 
(zinc, nickel, lead, silver, copper ) and two cold extractable techniques 
(CxHM, CxCu) did not reveal any major surface expressions of mineralization, 
but several possible deeper target areas were identified for future eval- 
uation. Any mineralization in the area is probably covered by volcanics 
in most cases. 


3. a) A detailed structural interpretation using new computer 
techniques was developed. Several major linear azimuth directions were 
described and analyzed and the relative ages of the linear patterns were 
infrared. This technique holds great promise for mineral exploration and 
geological engineering applications and should be utilized in future 
studies of this type. 
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APPENDIX A 


U-2 imagery of study area with geology outlined. (all unit symbols are 


the same as plate 1.) Note: cut out images to obtain stereo coverage 
of the entire study area. 


0 4 
42 45 


42° 30 
Approx. scale of photos 
1:250,000 



































SF 


o 


ES1 L00E I 


at 

















! 





i 
y 
\ 











fi 


| 
| 
{ 
yi 





A 











“| a 





ee ee 








ea 
=< 
— 
Q 
— 
Lit 
O° 
OW 
<o 





I 
GAGU 


) 
THMS 


De) 
Cyt be 
WWINI 

> 

e e&_]) 

Ceo, <a 


a 
tL: 
eg 
= 
> 


2 i) sD eae) CLG) Cac 
QO DO DODD O CHOC OOHAO DCAD OOOOH OCDVOVOVO HAOOAOFAAtHAIVOFOAO9DOQ09 
oc ee wn ene eo orm eo wr eo women we w arn e ween eevreeranere stereo % eo a © © & © 


oe oom ane ero emo eer eee ah eoererrerreseeeeweeearenre eee ew 2 © ee @ 


TOIN AOS HOT OOM ANAL EAD ADOODMGONVNOR MH AONOFNODOENINM OOM 
SN AP TAN OM FP COAIM OF OD AIRIALN AI FANT RINM COMA OIA PHAM OM AO 
e@eereenet*eoneeweeaenerewenewmeeteerteoetrteeteereeeeoeetm@eoeeenreeeet* eee eet ee 
POA NL PFO DIAN DA MOOI POON TABOR RID DT FOI HO DAD VOD AIMED LA COLA (9 U9 
st AC tet Ott teeter AN Gt Pr PMO FHA TINO SIMIAN Get 


OE AIM ADRMOMOISDDIVAOAM HD MHF FOMOMNTOMODAMANDODAPROOM ARLHS SL 
COE AL RO OER ED CY ER LV EDS ERS COV LA ATO SP OD EE A CO LOSE OO OLA ah SPO POLAR OC FINO NS pet steed 
eon eoeoanerenrmener*eeterereetentw MP anemeeenetrtoeeeet®ew*eterteee eee se 


MP PTROSPMOMAM FNC SEO EAE AO RASF AO ODOM AARNE Arts HOMN CE FHA 
PELE CIOINING ICO ROOM EEOFINOOOOMNMMNNONOCOKR Fh ODOOONODANMANNAM 
eaenetevoeseseteensnwaaeeteeoerrenenreeereemeeee et eetneeeeteeteteeteeree een e 


Sot TLIO NONALIT PO FOOT AIEEE DONIC ENE OOO TODO DOOAIG LN OC 


wiped AN reat ae aes Meese ets Aa ea oteded et ated od ed tot ed eA QIN Qi t et 


PO SL OOD OM AITO RIC EE 60 ORIOL ACO a AU ORCI LD HOO PoP EOE MO MON MOS 
TOO EA CAMME MOAT LIA OO OHO AINA A OON DAD D GAA OOF ONSINOE SOM M MS 4 
evovreeteetreteeeteeteeeeewmetmereeteeew@eeeteetreetterteoeeeeeee ee eoeneeae 
OO OAR OROOMNAY AN PAOD SEE DOONSEREN ES OAD ADOANOODUWADMNO GHODM 
- cde! a Rite Rett Re ot rte Ft OP FE OID FRAC OD Sect 


SA A OIA POO) OOD FIR OO BOM AIM ALE OOD FOOLY OOD MIM OD DIN eA POD OOS & 

MO AN RHSCLAE CIN OMEN OME IAIN ORME FO MORAIOD tir FOIA OOM OD HAIOUNO O 

eecteaeneeoeveereereeere*eee*neaee* ovr weeet*eeeeet eee eqree® © @ @ 

NO O Gt IN OID Og TO RANNN OOS MSH AT AIS OM OANMNAE OFOR HOM VOOM OAT MS 

AIF AFOM SIN AIS OOTIN MINA AR MAMA FIAMINAGFMNOCE NATE OO +trIOW MNS NOT OS 
ed oo | et edt ot et ord mie 


QDMODMS +O OTOOBRONODAMOCKRH DHOMTOODGPH ARLE TMEAME CL ANDO HEE MO 
VED Ls SE et LVL ST se A et ING 7 09 OO AO OE LD STS SL EEO COPE ALPE COMO 0 
tt ti dt eden rit 


QI OOM OMG OC FOE EMA OIA MACE BPOADAIM SOUP ADTIA AINE HF PCLT AL, 
PLD IE RUDD OO NOW AAA SANA OIA NO! NIN AI OSE SELL OO IRON OIA ON atetet (0 SD SP ON rt © 
AQANINANY O: 


OM AIM TIE OF BDFROAAIMTFIN GE OT OAAIMPE OE GODAINMASPE CEH EROMAIMFEM OM oJ 
DO DOO DOS OO Ht BA AMA SAN GIOIAIOI ALAIN IN 69 0 HOO ONO OO FS SP OT St SS per wn 
tele Sot ett et HI ed et eet ete det eet tet et deta tet eae ste att aa edt 
eh th reed ed ded Ed ee red ey te ed md ed re ed et et ed ed ted et et et et dt ed ed edited edt diet ede ae art detest et 





Cold Extractable total heavy metals (CxHM). 


Note THMS 


*Except for THMS and CXCU. 





THMS CXCU 


CU 


ch 
<I 


NI PB 


ZN 
Y 


CCOPDINATE 
X 


NUM3ER 


2 Cao} QOS Oo © oO 
8888228 2089990009000 08 OSs TOD ONNOFO MMOOOOTOOOO NG 


Senn en eee ee eee were. 6 88 8 8 6 66 8 6 8 6 8h b 8 OF 8s Re 


SR SL ASLNSDOEMNONIINANOSOGADASNGOG OQSGSOOGOSOROE 

a ee i anes ret teh Se OLN BURL A 88 RN 68 L868 8°68 0° 9 ATR OTe a 8 a keke eee 

BAA OO MMO OMI NO NOOO NFA NINO NAIM SMA MMmN ee Se 
~ 


ORS RO COONS FMA MAR AO OM MOR AIRE OD AM ANA ANMOOHORAN MON 
QO IT ESI DEAN DOM AND DAD AO OOO PARR TET SF AIOON AIS RODAID MO 
I ee oe et nee 0 Lele 8 © Oe a 8's 6 we 5 Oe 6's Oe We KS e564 6 8m uoe 
yO ONE OPO OE ONO MM INO mt 00 Nt IE AIO OIA DORI OONMOGNNN 
ot od 


es ed rm A at VLAN tet et oh NEO) mh mY LE mt LOPS OO) md ed ed SPO) ed a med Aled ed A POO 


PPL INAS th Pett PUSS IR OE ATON FOMOEMMOMDCNONG OVPROIMAMNWDODNAD 
ee TE rh IAL ST at ed LCA CEA OO rat PLAC AEA AIS MIA ELLA SERIAL DRIER 
eee ee OW 88 08 6 8 8k gets o 0' 9 8°68 ee oo ate be ba eats 


DOES DOO OC QIOPQIQINDIODIMBODOONNFOD0 SWIWBDODIONAYNVMW®ADABIVIANDIABABDANOONOD 


Ut I NL OMSMODOUL: DO CODON SE SEARO MNOMER KIMWEMDOONIDIONS 
Tee ee ee IFS ON MAONE OD ONIN OM IAR ST SIROINS INE ODMIAIN RHA LAL 
Cee anne ee OS 8 BEARS Ree re Cees Oe 65 08 O's GON OTe ae we Tere ere keen 
Fan 22 OOS ANE SF Ot OOP ATA COPE SAAR EAR EN OG ONIN ORE NNUIOR 
MAN AAR aH Alaa NAN GAA Harada HAs A et AO HR ete oy 


Fe et TR OR MOO FA DO MAIO MMO MIND MI COAIst mIRM Om mm CON Sade 
PANT TO MOO MO rtf OM OM OM MONS ARIA HASTA EE OM AON AOE Om Mena e 
tet ee ge oot S88 BLO 8 Res 6866 "6 9 ¢ a Teh ate bh 6 SMe" Soe b ore ea rer eretk & 
SOLVES RA SOLA IMINO et CO ME OMA OA OO GHRMOOMOOR IE T HHO SG OHODOGgInNTINNa 

AIO O | end TOE mT NE LO oP ret et et AOMNINAGCG 


mYO Det COL COCO OLN OI ALVA ON EF OLN OLN IM UAL INE INDO At DOOKINInINhO;W 

OE ET MODI OOM AN BODO AMO OMAMS A ODOM SAROMNOAININD EO 

Pe ee ern et one Ree Oe 8 OEE 8 Oe Ooo wa Te Be 8 4" ee Ob o0 phere eee 

SR RAS SSTPOME NM MN DOM FOND ONMM FDOEONODMHOOMAN EMME 

SUL OV NIN SO OP PIA OOM MATRON IA tm Oy SGP CONF OM LIA IR OOM MINA DO OINAOCORr 
ot OJ ro 


Coe ae OPIN DN SF AO OLE GOI AT EIA IR OD OM OO ROInMON Yao 
COS AOA SPS MCA HR BALE SO OP SOLA PO DW ted Mt MIO COR OOO COD Ot Hato 
et red ot ml mbm ped pnd ped pd poet mt et rd et ad dt ed et et 


MOD MOU Ch OCOARP™ NOMANNTONO Minis? rej FN TIN NADU SP TAHOM TO tINO Or tener 
BOLO ALL WO USC OOM GOD tI OS memos OOO NOTA CULT LD GC OO Ont tS LOU EL DOA 
Nt md tt ped ad Ot ed pet ed CUCN 


OT UOOM OPOHAM Pek oo ONO M OMDORN mat invonr TO AHAOIM SLO OR: COG: CO HALMO FINO 
LALLA Ln LWA CO OD OOGOCOOSNEEERARAR DOO SoQeogn CO MASS SHANI NAINA 
EN dH ded md ed dd red py ed ed ed es ed el pd ed ped et Pd pd Ne dt ed ered tt red mad pred eed mt ed a dd dp dp 
tN te ht mh ed reed mt ead ot ah ed Od ml gd gory dF el emt md wed MOY AY AIOU OL OIALAIOS AI AU QUAN CIQUAIOIOSAININI CUA Aaa 


B 2 





p3 


NI 


Y 


COORNINATE 
x, 


a 
uj 
ao 
oe 
= 
ae 


DOOQOOCC OCOD COC e® 


2 
ace: 
a @ 


AN OO OE OE AO tO OL ET OO LALA HO DN CO IED OV SPE OF QUA SE 
IRD NADI OD CAD TH OO MNO SOGAIAAI AST © MUS sr 
eee leteterotane carete eels ese * le. 0 60.076 6. 0008 6908) 8858 812 
RON ap tA tOSAIDAE AND DAME ANNO FONNMADM ASST NST OD OS 
SD At OER CO ST SIA STL OA OT OI OLE PPO OCD ALD st NST SP ALSTON 


CO) COLA EDAD ID LO OT) LOVE SPI SPELL LOCA MUD SPLALO OY 


eoet#ereeeeee#e#etee#e 


GN COL VIED OLD SIA CD LO EO LSA LIN LAER OV LS 
micheal ete 4) ale s0) 6 678 6 ere oF 6 S'S 8ne) e180 -0> 8 2.9 e (658 67h 8 OS 


ORO tet RR aaah OR NAN SOS SIAR AORNO DR OD OCNAIAINNO FAIL 
RO ONIN ONOOSRROODDORIFEH DRO ON DORE OME TMNT OM HUT IOLA CLE ON 


eoceoceotoeoevemuauteevewreweeweeaeweeenreenee % @ 


NONE OM OON ST FORDOOOTINOEEDEOONOMNNGE PONDNE NO 
eee tm et eH edt eet aA atte erst 


CID APL FOMIN MOE Hep ahah mero mt et OD CE EO EE LOL SE CUED EE FEE UE 

AOPIOOR, HA DMUOCHMOMNTOUS DM IAMOME Om 

eeeetrweteeseveeteernreeet eeeeee 

CUA COHN HOOUCUEGHAOCTOMMEOLE Ome NHMOTOMDS OC Gs’ 

mT Lat SOLA IA DFO MIR IAAI St OTN OIA ot AE ED OIA OL 
— 


ACER IAM OD DIRIAM IDS CIA INR NM ADMO OMOOIAN ORAMIA DODC LON ON TALE DON ANS 
Oh OOP NO EA NOR DHOR GNC OF TIA RIAA AIR EO NIE ANOIE MO NO SOAK IND HONG 
eeeterteveeeaeveeeetereeetee eee @ 
MOAT AS AANAOCNDMOND AC OMAN 
MOLTO RLOSRNOODE ECHO OR OSE ODEON DOM OMMAO GODS 


PTHINGAMMOOINMT ODACAPr or IA OC IORI PHO FONAIOOAOMM MAM ORATOTMNOO 
Pom ATO OYE AION OO PON NOE Nat OOO ST LAS 
Haase deed eet sreidtedimcdteda 


DADA SET OMAN NIA SPIE Eh OOO 
Ret dR ee etnies atin teed 


© PHO GA PFOCMKCP ASMP DOD DAitv 
REM ewe COOWOOER OC CAM CCR YALA A att ee OOD OT 


OPORTO GE LOOMS OE OE CHAI SLO OH OF ON st LO Oh Oo OC QANIMIS EOP 
OCLOAL ALCO OF CVO AM MAM OS SN rs st rr le LA IA ELA LA LA a 
CEN COI RIMINI NI NIOININAI RNIN ON NOS CEN INNO ONION ON 





| 


. 


QO OoOa © 
00 D0 DOA AHS tI A AOC et DOO AAs OOT MAO 
ee ea Oeles O62 © 6 8) © 0 6. Ore er. 65058) 008 6 


SSO FOC OS Slo FOO SRC oO 
DIO DOCS DOONDOSDIAN DNS DOOVOHKMOQIOMIDBVOSNHNIO WM, 
= 


eoeco5nwneaeneneqeeaeesveereeretr een ee ee @ 
DARIO HNlOO ta SsAD DOO O ANOS NONNOA AONE MAO OO ADOOINGIOSS 


66 6 * oe, 66 2°58) ete (8°40 6 680.0) ere oe 8 8% 
eeeexeeee 


eee @ @ 
OLA MDOP IA NAR OAM ODS MN SSNOOTAMN 


OCHONFHORHOOCOHO 
Crace0ns 06) ele 6. 6-0. 6. 6. (0). €50) ce. CL eLeneie e+e 78,9 6 


ee®evveereenneneevreaereaeeeaen @ 


OOP aa PF 


REAR OFR SAID 


TODEMNMSTMAaMeNH CNIS 
ese0eeetenest *# © @ © % @ @ 
pet SI Nhe PPL 


eocoan5aveevee®eeetreeoe*#e* oe @ @ 


OO 0 PO HOLA 


CME MOCNMNEEOCTDVWCAP OAS 
FUSE LP PSE SPU LOL 


WW COC OE ERR REED 
ee Mate rte et 
CIN DU RIQU NORA OI NIG NOUN OI OT OO ON 


ee Me dai 








sige sees 


B 


CXCU 


THAS 


cu 


AG 


ZN NI PB 


GR UNA Te 
if 


eG 
y 


sre 


R 


NUM 


Or & cS c fe oe Cy, (LONG Relves Neyo) oOo WO GQ 
Qdond MO OMODOCOOHAD OFO FOO DANN OA OM Sta tO MAO OO AND AMANO} 
eae Eee Atel siekane abe vase be etenet Ose ene “GUOle Keer el eho OAehe Oho Fe FON e ene) 0 18.59. 8) eeee ee 
NOP DOPDDONANDODAOANNNIOOAWANDAION ADNODND22O9L DOOVVSOE99EN™ 


CGA DSODoD Boe —aeCoO De Bal Jaa VO ODOOeaQOOQCGaOOoODeo oP oo e 

AS COOODOKNO2OOND EO 9O02900099929N9000003 9998909000 909099 90800 

Pichi yc Noks (6) 6 Gee te bere) $666 (656 0.6.9 96.0 9058 6.656.660.0866 88 8 88) 8 9 888 

A Ot DARI AAI IAMRIAIQIAI A DOA ff TOAD DF LALN COP CO LALA 5D et OO DYED OD 
ce a ott - ei 


CREO SIR, OEE AITO EER PEER CORED IAI TED OD et NO OO ted et HO TD OO 98 OE CO Oe OS 
POR GOAN MD ADIN AIM GANG WAIN OM OOM A ear TOR Pll IO OM OOM AID PIE NO matt ot 
puta Motahedales fel ole csece 01s) * 6.07 eu9 016 0 656 6 6 4,8. 8 9.0 0 9 ¢ 6 0 8 mF 6 OS 8 8 ee tS 
Dat FOQ AAO EEM DONNOOMN SE 00 FOMAINANS TOR ODN OM ONDDO TANNA 
ae Seats St a pet td pt I IAI I a IRS AAINU MO SHARAN OIN AOC AIM 


MOT AINIAI FO OE FO A Os OLA PALO AIA ADO Ot HS NAAT LOO tO OT SE NILA 
COLE eb LN) OO eB Ge NN OD dE mt NI OY md CN EY OLN ty OY ed OY md YO ed OV dN Et LNT 
SCR CNAEGl es ais le 6 ones ekene se eners 65 s%6 © 6 0 "e050 0-6 6° e ‘9 'e oe ee eee 6 8 ete 


D999 09 3970 OND9 22099299 029999097092N0999699092I9099999099099 


Dt AODO MADOMIOAITAMADSMNNO NYDN AQMD HNN COM G DEANE CANA POMine 
MOPINAIGNCINAICIOR eM Cot AIQUNI AL AIQIN AM AM NN AN AN SS AP TAICOAIM ONONA 
Ee ete Re dalc crate ce tote te vel shel etsie 6.6 4.6 6 a1 eer a's hee is (RPO Ce 2 RS Oya Aes eee 8 eee 
LAA ICL AIMO MIRON ROD EAR CODD DGANGOPFAHANIN ON FOW DANTAS NONOTon 
Aaa NA MANO re iN ACI NI SHAQ BAA AAINGANINAN ANN eS BANANA ate Ne 


PD EER ORO ed ED EU SE OE EEE At ed A et OF OO AF Tt LEVEN CO OO LN 
Sato OUT APFOMBNOUDOMATOOSFOTOPTOOG AJ OC OU RERS AL OP 00 TO SFL LO OSS Pe OLS OP 
ene hhs is tebe lobed © 4) ciate Sbols 6 eke 61641676 Ha¥e.8 "ete (Ove 6 6 9°09 450 ere 8 ee eS 
OO aF OIR DO OM EOMIO ER BINA OM MEMO OOH OTE CLAN AL OO GINE OME OM NN 
ad 4 et os OOM SHH HANIA aAnjSsaOlaci st 


mE ON ae ett COP OL CUT OO EE ON OIE DED DIM Od OO Sh OP AIT tO et 
Ot OD OIRO FAR DO QR CO OIANAID AINA RIN DM ADMO ACOA CHOU SPONSE IN 
Re M dewalt cts 6 is al eteta otelets 096-8) 606 6 ah '6 6h g ta tp ere Shee seh e O78) 0 OTR OT en 
NOMON LRA DONE FCINOOU SOON TAOS AME ANTON MSE VOODOO On 
OO LEN COLE a COLA PLE LD GO) md ed A EE LD Ot PE Or ELON OT AT AF SOMO OT ALLO OTST AP GE IS 


OM POF AAT AO OOO OO TAINAIAIE OR NIE ER EH OATAMOMNOOIG po tACTIAM ASH AO: 
SB OO A et PEO tO OO OA AIR AL EO OI tt a a IN ON ot LOUD LO SG SOE SO OLE PH Pe SOO 
moe Seed nse eats es 


MOULANN CANNOT ONS PONDNAAMOONDCMOANG BR ARID SIA BIAIFLAN DO OE SPE OOROINS DO 
LOD OL AAO OOIN NN OM TO CIEE ULES LN ET CO A AI CLA LOLI OLA ST SPOOL AOI CU OLN st st st ot tS 
CAI CIR BIR AIM RI AIR AI AICI RAIA NAINA RA CIAIAIOIUAINIQIA NINAIN NOLAN OS OIN ATO. 


00 Oo ASP IR OP OF OM AIA FINN OPO AAMT Oh BROAN HINO TE HOM NMS OOS © Co 
Ne OOS OE SOKO RESP OTPOCOCOO DOD OO Stitt tte ANN AINNOSINNIAIM 
et et rete eee A AIOOIAI NANG! RBIAINI CLO AI CIES AI COMICON NOS NOUN ON 
AI ALOL AAI AI CURA AI AI QUAI OIA BU I IAI IAI ISI KINI NOI NI CLIN ONIONS CLUNAIN CSC OQUAIN GY 


BG 





AG 


PA 


ZN) 


Lh 
b> 


ai 
= 
< 
— 
pa 
(x 
Pas 


Oe, 
Cix< 
«> 


ao 
ib 
ce 
Ba 
= 





‘ : C Om ©) —> ce 
02 OFFA OO FO FO FQOFOAOQMFOCNODHOAAONOADDOADONOHODCOMOODOCO 
Srey Oe Skee 8S 8) 88 688) OS 8k 8 8 ee 6 8 0 6 68 88 6 6 6 8 6 8 8 6 ee 88 Ge 68 8 ee 


COOO ec © 


P22 CODES SVSISCOAIAINVOONSIT AMANDA OMAAMOBIANDAAIMOOMDOVNIADADA2DB0NFFONF 

CO VOM OMCOMN VOGT DNWVANIDANANDIOVIDNOCDODODODOO 2a POOCOEN DS Sinn 

See te oe O&O OPO 8 8 18 9 6 9 0 8 Oe 6.6 6 6 8 0-8 ae 8) 0 1@ 6 6) 6 6 Ge 6 6 6 8 6 a ee) a ene 

PP PAI IE AN DP OD PIA ICI AOI COI OD tO SLAIN OF NIMOOR OM IACR AE OR ARO UQan 
— a a ct 


ODN OOM BOITEO ASH ADA MAHA OLA RE MALO ON DOT AAO DHDIF MDOT Srtinwwinaics 
Dat OAC OD AOI Ora a RNIN OLA NOM TAM DDH DD AINGKOCIA DOP LROO DATO R LY 
een he ee tee oe ene) O19 eC Te (a Se 8) 0 8 (6 6) O70 (676 6 6 6 96. 07 6 0s. 6 6" 6 ere 6 A) 6 8 
DOIDPAOOARAINAMOAS DARIAN MAHON FTHODAO PANS OOAOIN HON AAO Set SIRN AORN 
NAY ACN - SHH aes Sa eae oa et st ey tS AH RS I Hm Set! —_ 


NPS NDS POOF ASSL NINN OIA FAIS DHORD NODA N HOD HOD TIORD DO NDOH0 
MYON AIM ATCA AN CI ALA IAI FAN ILO RII AI OIA AR AI MOIR SRM AIRS OI AIO CUM AE tea 
Cee eon eee LOR e e605 66 9. 6 6 6 8 8 6 8.0.8 6 66 6 OO 8 6 0 0's 6.0 ¢.0 0 646 6 @¢ 6 0 6 8 © 


QVDOOI®DODIINDOADNINIDONDIDDIDONDD ee ot Le CNG Csi) ar oo ed TC eC 


CHC DUS AOTAr OU DOMONIORINE CAR DIN SO NGM AOM MOM Ae SHON a 
at C2 OS AO aR AIA OOO IO SE HUN DAI A HAILA I AIAICIO AIA CI RUAINIAI DO OUD A! 
ee eee eee 2 68. 6 8 OO 6 6. 86 6 8. 6 6 6 6 8 8 8 ete 6 6. 6 86 ¢ 6 6 6 @ he 6 0.6 6a Sa 
DYE TAN AG DIN CO PIB CID OS PINT RAD DAO OTIS 0 DQ NIE RIINIF TAN AIA HOO eI Ord 
AN MAHAR aH Stet OO RIN ORR ORO at tt Nir ti HOI Nadeem et ele 


ONS HON AOA SLO MMO MOD DADODSR EMOTO PRMROENAL OP Rat At oman 
POLAT DOLE ODD DODO NMN MADE SiN OIA DNOM MOG MAI MO DINAN OOIRIN DOW 
Peer ce Cer ee) 8 Oe 6 e868 8 6 86 e's 9 8 0 6 8 6 e. © 6 815 6 0 8 6 6 0 6 6 6. a 8 6.6 te als 
AFL COANMAO CE AMO OF ODMH OoOaL SOME EOS POAC O NAT OPOKRMAN DING Nano 
as red ai emt ont wt a ec a) - det 


FOS A SFOS PANU OS FOU DM MOOALFEM OP OOMONRMAMADOODOR HIN@MCIe AONE 
PAD ANH OG OM OA OMS OOM TH tO HE OCT ADAMI ChROOCDMeENE Oto toe OM 
oeoreeereeeere wee etreer eer ewer wane erate tFeeneeroeeant®eneeteaenanteoeee 
ON NINO Pear h CL OLN OM OS RE TO ROLE NDA WOMEN MAING MAMAN OONOKAR HO 
SE NIN OE OD AL NS ELI IN OS AIS ICU A NILA PEE CIR OE ON OT FINO LR OS 


PFO WIN COUN Om OY SPIO Ot OO RIO OS OHO INC AIO OIC HO FIN TR OE ON tee 
SOF PR TOE rt IN mt OO OY SF EO AT ATL OO OME OTOP OM OM HHHON RO YINOOM RE OK 
mtd oe! oa test Hee 


CGO ES OOO I oF SOI Ott LY OM HOSHOMAIOMOMMOMIAN ME MARE OCINIaAC oO 
tT earnrneooroce POorecorwcranrnresnenmero CEE ROE RE NOOSA AHDOIOO 
QEQS GIG ae: _ ted tt et tt INI CURIOL AL OL AUOS 


AN MSF OOM OO OSA FLAG OT OMA MmtMNen oe TAO TIN EM OO TP Ot COR. OO OAL 
CUM OVO Oe te tt SP OP Pr SE er ie BISA A OO COO ONC WOON ER EAR AR oo mWw 
CHUN CIO AIQIAIAIOIANI IOV AQININIG AAAS MOAI OI OIOIOIN QUA AQ AIAILN GIN GIBIOIRIOICIA AIOE OQIAIOISOI AIA: 
COUN FIRM CURIOS AICO ON MNOIOAILOIANI TIS ALOU AI OUI OA ICU ICI RL OIC OA AUN IC CUA CUNO ONO NO OY 





B 5 


= A Se Sr Ea Se 
rn 
2 


2U 


Dis 


ZN 


* 


COORDINATE 
x 


NUMBER 


a Ce Corey (a Qc Se ee ere = hey Ce eet 
Peete ee eee wee ee weer eres orcs renee aseeneeteensesee 


Rae Oo Gtr OOO Oman Om Or OOO Ok) GS) Lk CG) Cae eC) Ge GCN Cy 

DQMOMNWINONDOWMMNGDOQONOMNDAMDAOOVOOVOOVDDODVOLFSATAMOOMNNNOOMinin 

ceoeeeeetkeee*e7n#ee4+e e#ee25uo*7 fF @ewrtee#eenrmteeeoeert®#e#nHer*#e*enw*#e#n#eeee#8*e#eeee%aee 

OMDVARIDWMADAINIT DAN AAAMADFAD DD et ttt tt ot QAI AD BIAS MO MODODAAHOOCD 
Ho 


ADPOANE ST ANIM DENAOAOPP DISH AT MAIDA ARM TAM ONMA SAMDAIDOAILA$O A 
COAT OIG AAD PFHRORSAOSTSF HOMO AMNOTFOROOLFONTPAUAT RST OOWCHIRNe FRU O 
eoeoteeseeo@e*e#nsteeeeeeerteeeeteteeetreeeeteeereernree tt @eeene *ee*ee#eeeeae 
MOAFRAODNDOMDOMAIM OM BAILA MMM 910 00.0 OO ONEIND OM OMINON tor 4Hnoenm 
Nt INN ON ARN AN St QIN Ss NI RIN NN MR tN tHe MSA RN 


NOM DOP ODN ADD OODQOSNOCDOMNSDOANOONC CSO COO DCOAMNAANOCD 
EV NEA NCO OY OY OF I RS OLE COD FD 09 0 DED 0 09) OD SPD 0 SE OO) SEO COLD SS OS 
e@eenacecna @@eeaeeeeenreeeneeeeeereeteeteteaerteete @weeeeevreesteeee* @eeae 


een Gear eevee eda De) ene) Oe ac) CG aN IGE Ct) NAY eG) Ca) aa) Ca Gp II Goa 


COULD FOE SEO LAI ON DO LOO FO ALA PA OLA LO OA OOM ALAA OO AILS LS OME MIA BRC OO ESCO Sem 
OTN NOAA Xtc AIA DUN CAIN MM HOHNALO HC OIAE OONIONM OMAN EG TIADMAAMMN COTA 
@ensrsenree74nae34eo73*neet#eeenteneeevereertQb—meeeteeeaeeew®#eee#eeevx#tetee3v#eee## @#ee*#eeee 
LOO OA HARALD DOULA NIOI AI MLALA OT ADP HD DAIS OMAAITH OO MEANIA AMAA GMA ON ANN Hani 
sees AANA AAA MA sets AN ANA HAIN eae Ret Re SA et aH Hes od ed et id ed 


AIP EP OMNIA FR FOIA OS FOL EAI SALAS OLEFOMOANIRG OF STRNOO + SRO ODOAMD 
DODOHIOSMOMOLONDMMNCMNOOOMOMNAM CMAN DDOOOM EC MOHOMANONOORMca 
oeoe@enwmeeeeneetetenre® weeeeoeeeeeeeeeeneeeeaeerteaeeteet ert eereneeetee 
PNAS PRR OSCHOOMNANGNE AEE HM OADSOUNBOONSTMOOCAEKOCTAHOYG eS 
— _ ces oan — —_ add eed a HO mt st et se ‘eal =i aja mM ey 


SE OM DHS O AF OLA SSOP LR OM SEE TO PAIMANOM +h Ser OI Om He Q A CORIN Oe; 

COW SOS TOM ACE Fat COMI MME EOD R AMO Me FAM MIAO MOP Othe TRO tO <c 

ee ea Oe gee Mame © 20 8 SO ST AN ime OER OO ER O88 eee 8 tee 8 8 O18) 8 88 ee 

TDOS Dar ArT ONOMODR MH GLOSMMNMODMMEA SWAN OFMOML DG OURAN MANCDM 

linarst FIR TOMS OMI OSM POR COIIBDINGIAR IRINA SEA OCR St OLS Tn OU ELE LR AL Ot 
od rH 


MOAOFIASPFOPFOMAITH OVA MSFN MAIL DAW OMAR SUTONIFOMIAE COMER TOO tanAaSs 
NAV RAON OAM Heat HORA SS SIEM CLINE DOOM MOM MPM DPE SBHANMOINIMO AO EOE 
si es ed et et ed ed tS ert es St et es et 


NANA COMOMOMADE MAME MND OAMEOMDE AIM ARIS OOTP AHO O ROAM DAMN 
COORG Ra FUL SEO OIAS SFOS OH FP MOCOCHR EE LAMM T GONG ODDS Maa ERIN 
ated eae ret aes sede ei emda rtet eH re 


MOM OOTP OM OC IADIM FIN GH EROSGIAIM FAO HE OO OMAANSTO CH OGDORAMEE OPM 
MOOMCTTSSMOEOASDSFDOOCCOVOO DOHA et ta A HANAIAININIAGQIQUQUN MGA MMM ra PAT 
AIRING AOI OTOL IN CIN OLA CY RST OB END HEE EF CI OOS SIA OED OEE HIER COMM EG AEE MOR RQ EM EN EMM EO ETE 
NAN OIAAIRIR AIC OOS NVOINIOI CIOS CIOS I OU NI OE NICS NIC EIN OU AIAI CUO AION ALOR NAIM OINI AU AY AU OU CU OA CU 


B 





OO ...LL—— eee 


Cree roe ee Ce CS oO 
eee Soma ma Le. ee CUR One oe mse ease 
eoeeeeeeeereeteeereeeteeeeteeenmeeee*teenaeetQ®eneee*eeeeeee*e @ 


e 
BO CO OOS Oe Re OM ROC SORA COO CORO OO DOO OSCOolNSo eS 


CXCU 


ae Rr et) Crate oe ate) eer [ae oe tao he ot) 

COINS IOC ME IOOe DOO QOVONSDODODMOCSC ON Dem e2DOCeOCOoeResto 
ne i TEES Soka Tel Ba a or gt par NA drat rare Masta rties eset orb gd cg pet ee eda 
AINDA! SAN AQOIAIATDARINIMDST OS DOS MHADAINMANDOODANAMAAM ONONOAAnmRANO 


nN A ™ 


THMS 


CUFT NST TMON CTO | BOM aT TORNOSAMOODPEMNOPODIOCIS MIW AOS tAHDAM 
P=OPT OADM DaAANTYVOAINPONM DHONOTMANT COO AITE ARNO ODRAOCOREL AH 
eoe@e@eee#e#nrteeteeteertkesee* e#eeeerkrkeetreee#eeeevxs#4ueeetetke2reeseeekrkeee#ee#e#eee 
COPE NANDNIN St DOIN O DOME DOOM DOLFANME OM AON OIA DINDAHONNAMOTOOHMM 

PV i I tN tt tt FTP OLA FOO AM TIA RHO RS wot emt pet 


Cad 


ee fe SIS DOO hn DOO SMa OIMA MONO SODMODS SOTA PIO eC OAnOnOSCrK Ss 
OS OY CY CO ALOT OY OI OF OED AO UG ILS CO AF EOD OV 08 CUAL PEE ALR SO LAE SP LAL SL he PET OMA NIM NMA) 
@eeeoeeee#5405eeet#eerteeetkerkerteteeaeerte fFeer*etQ—aneeaeeereeeetreeereeeeeveeree 


rat ee Oe 999090 S305 9 7550900275002 0 555500 


ALD LOL ARS QAR OCIS MMAR ANID LACH OME LAM + DON Dar OMAIOWUNR EE MIASTROOMNN 
NOG AIST SDEONIMMIN Os DA ORM OAR ON DARD MME IACI LAR Em AK OE RIRGON IBLE alot 
eoeeeetrtee*eeee*eneeeteenene* eaeeeeee#»erteneeeeteeeteqee#eerk#eevte*e @e 
PEO ON OEY mt md OF 0) COO BN LE EPO LOD DOE POA POUR OPIN OP IR FAIA NINN 
ete ae es Nh ON tt mt me mA RENIN me tiNied oa HH asa aA AHH ae aaa 


pP3 


Ba 


A Le AOC NS I OE PO tO Pes wah OIE OPIN OOO 

BNO O CPS AE MAM GO FER OM OT SCOR COMER TAR DRS OFSTONINOO NRK OOM 

ee ee ee ee i ren! Se AON HP 8 8 OR Oe O18 O88 SEO 8 8 Ae 8 By PS 8 

UeFODL TORR ORDO DBOONMS-TGOHOMDHE OMA MAMNOGOMECOCNOOANDooRE RS 
aes I — | Al wet tet tr Gn Oiame COLA a a 


NT 


ODN EE AG OV A OT PE UVLEU TI A HLO CUA IN SMM OO DAM CMM HON AMO GANO MOO MA 
Pa DEC TCACIIOM COPE SAO OCINIM Toh HOE OMNI SOIC OIE OAINOQESt FHON 
=z eee ee eth ed EO) PAE See. OPO Sa ERE OO OAK 8. Oe OP OS ERM O00 Oe 8 388) o 8 
Pw CI DYMO CON COMO LM au Qiacaim eg Sayre OP-LOAOICMANSt OO taqRAPEOUOD 
PODS FOS FOND AODSEOOAOH Segre I FOCH LOOMEPOTPHOF+ OCT NE FChinsy 

a ei come ts 


OU RM EM AAT OWANAOOS TIA Po ELC isp ope Scien [ocelot o90cH 
cies tet er te Heats ae eet eet rt eR ite nt HR He Ass rae eo 


OT SP HAYS CH FE GONE OT MMOINC CPNOFAIRAOAIMTEE ROOM st OWING DANOGOMN MMA 
ION NN COR OCONIN RK BH HOT ODO OCAMAO OOOO AE NAOKO DIMMBDATNOANO MeYaO 
>< Het es mt et oat et od et et edt He meee a cd = 


ce OC TO SPE COT HOO LOOM NO DE AIMSEI OM BOOSIE FIO’ MOP ORNMS LEECH OO 
Lit Pa Miest ist ot fs tias Co CG a Co Gores ted mia AA ACU AI AIOQINIAIOQU NAICI MMO CAM MON CET OH 
cy CEE CO VY IN EE OY md et pet md dd et i dd id et ed et ted i et dt et ed teed 
a, PIO ESO ONO OS OS CS OG OR OD OF FDO COO EO OF CO LEO EO OS CA CO RET TO RET CAR ER FAME CAA A A OCA A EO 





THM 


OQ) 


a} 


A‘ 


PS 


TE ZN NI 
X y 


FOOROINA 


NUMBER 


> OW Corea ec = 
DONO BOD DCODMNN ODO 20000 MO OOO DONG aE Db MOD OOOO OOOO 
eeeeseeeoeeeoeeeteeeeerentneteaeeteteteeeneeeteet eeeeeeeepeeepteeeet ene eee 


eae ie Ce a oe ey EN Ce RK C5 CaN SES EN Titan a Cy Tee) Co EXC ES 

BODOG SO DONG OSS OS SCOSROMOOeSOneCOS OP OCneOoCcoDOeSscoeoScnoaCoo 

oeeetee0e3ee3nreeneteet*oeertneeer#erteerteeoereese*#eenr eenreeetreenane*®*®eteaeet ee 

COLA FOV MLA GIA CO ALA OM OL AIM DCAD OF HF EONAIACI FON MONACO DAIMMSNDODHOADIDOAAIA 
- N 


AR DO OF POU DIST SFO OPO FR KORO MIAH OMAHA BOMAIS+FOMAOININAM 
POO FIOM OC CO DONS ST SNOOP AN COM ODICAN BOON MAINGIMINDOA+ COMPSMAOR) 
@eee4enseeetee72ee#ee7etste#e#eege#t @eeeereeete#ertreee#esee#eeeee*w*#eereettee*eetreeeee ®@ 
PM DOAORDO-FSRAPONASFHOT™ FPFOOH DAL DARATFAPL HONDA FaAtAONOTE TOD 
SAAR ASA MH Sei BI AODL AHA AS AAIOCI IG AOQIIACY AI AIM AINIANI QE AICI OM aaa HA 


Waa aitna OO ein Ondo MoOroaaDARnoDeCtinD Reece th ea OI 
ee ee EEA INNS OT GE NS LOLS PS SOLO SOO NO) ON 
eeeeeee##eet8e @ ee eee see ccc ce eee ee Pe Oe Cee 


CO) GI ® =: 9959999590595906 2 Be) GN ey DG) GS) CO) Se isa eG) a) CED) CN) 


POP MS FOE OMAN DOIN MOADMAMMAIM FLARE OEE OM At aHDODMO FOIRE AMAIS ER te oO 
DEAD DUA CIADAHIMAL OAIOINT MOLI MH COE MOE ODAMIANMOSTMME FORORD 
eoesrt8e@ne@ ee @ee7reetert @et*teoee*tetetereetrtnaeeeeeterke#e#ee#e#e @8#eeeet ee @ 
CaF Ste OS OA SIR NNS OS NMIAANIOFOOF ST SF OHORNEANIANIOS rE ANON 
Cette to pH ea Het aH HI IN Ste ROI ON HR HSS ete aH HOR et eed 


FOFD TODS OC OastQN Saat OOr eR COMES CO FOTO OGIF MHaQanTeoe arc anlam 
ODCOCOOIGOMOAINNDOCANGCAITM™ COCO ROG Orie OPMWMA Cy OTaGnnon 
eeoeoeetetrteaeetrteens#nrtetereeeereeeenrteeereesveeeetetP Geert eereeteeeoeeeteteeee 
CIWS OOM AFaAPTESSCMOOV A BMAINM INT CUED NICO OPES Pt HATO OR ONO 
aS Oe mG I HO Se CBI OM MOAT NIRA RNIN Ste tH 


ACO TUG TD rAAMA AR ID A AD eC iA MIA MOS Be ay Ae OS OS OO A 
OIG EE GOR OR QC hat een eaamat SAAN CC ADO Mes SLT OFT OAK 
SE ne ety ote tee ety ACES Fe Se BEAL LS GeO S NO GD OS ORS Pag ein RAO a ue ie an cng gee Age tgs 
ea ere DOO Fret CVE Ot FOC COS OF MAUL Sat OP ONO ST OND TO 
TOPS OSD Cie OM CIE NON TOT COS eH CHO COO Sri -~ Oink CF OOrMOsm 
m4 rt x ad 


DOLE OOS ALLAS SFO OFLA Ct NI OLE FO MAIO THINS MMA CLALE SCH IANS EMP EO OMMNOMNNA OS 
IO Hed ANN AIOIOI AGI Mar CIF LALE OOO CHE OC OB LOLNAISNIAIR CORE TREE OOIA OL 
Nd ed met det med Ems md mm wh ed med tt mt tt mt ed ed et pt i md i tte te et 


Sth CTONMO ON AOD FININ DONE MONS AMOI GCN AOGHACN TOM TANNIN DOC’ 
OPS RPIOADDINROMNMAININ MAIN OIN SAR aaa AODOOK BaF OF-O OWOC V-Vhasaina 
- et en mt et mt et ed tt St ted ei et et 


DAOC FIA OOO AQF OM ST OSA SUE OO ORAM TE OF TOOGNMSE CH OOO 
NT SSS SD ar SST Us CON ON CE NL KOO SOO SOLE SG OSC PP f= Po ec on i) coco ao 
i et i Ht sti et etd met aml et aH et mt St ti met et ttt AH et etcetera orden tie! Ate ae 
PEED COVED FO OO ON OD OD ED OD OF OG FAYE OE CAV ER OR EO CON CO CO FOOD CO OG ACD FOR CHCA CEG CA CO TIVO OCR RIOT CON 





B 








TAMAS CXCYU 


J 


a 


c 


AG 


NY 


ZN 


E 


x 


SREINAT 


GbE 
x 


NUMP eo 





© o 2 Oo aS QO OO eo QO oO 
es OOOO eto oo acon Ou n Ooo n Oooo lot ooe 
@eee2eeteeeeees#s545«c«c5ouVx#eee##eetrk=#eeeetee@ee ®@eese ®ae*eete* @oeeee#e#e8e# @aweee @ 


UNE SONOS ENS SVQNLID BOON ANO SNS D) 2 LOL SlOlS TONG Ol KON on (ONS | Sr YO MSY Om a OO aeler ei ale ie 

ceoeeoeeeeeaeteeteenanenrtert®eepeeeterte eeenteee ert @*@ @eeneeeee#eef @eeneeee 

ie Oe ee Nee ee 
owt = wat ata ate a = ot at ed pd 


M0 ee ee Nee Oe ee se ee Ore oe 
TOT PTA AAP OME ODN LAS ODDNOD CHAM AMOM GAM Hat AAD MC STOP RE taANG 

e@eeeteeenvweeeenaenreereeeetart eaeertearteeeeoeeee#ee*®*#s*ee#eeeeeeeee se 
on ID AORADON NED DFIOMNASANDUDNON OFM aAFOAM D OMACH OOM Camm AAs 
ow as aa ea Ales Al eat at ramet dt dd at I St A Ma RACINICIS ICI MAAS a 


DIN OINDEAIN OD ANIOE MIA SC CAINAIGIMAIA BAW BINOAILAAL OD CONAMONOMOOCDODOEGRMICY AD 
MV OY SV OS OF, AU LD OY NE LIVE) EAT OO CO LALA OIA AIO OY OE NE 9 ry 0 ED EEN PIA OA 0 OFLA 0 SF ELE CO om rn A 
e@ete*#eeeeesee#rteeeereeoetrteeteteteteereeetrteeteeeteneeeaeeteteereee*n#eneneetee?t 


F200 90 2999 9999999909999 9N 99909 P999OMQ2ONO9O99909 


MEORM™ DOMPOMMmTIU MODAMNOR MM OMM OOO Of OT BR RINMR SBOMAAL INIA MAINA 
LA COLD SOO RH OST A a St OD AC NI REA IGP LOA SIE OQ IE RE AIM ODEN AMAIA AIOCIO CO HIA a Cae 
eeetaeneeneeeeeenre**eereeerteaeereeeenreeeeeertrt @€*# @eene®*#eetaevre=ae*%°e@e 
PHP OO OOS ON ADI NO ORAM FUTIAN AION OR DO MLA OM AOU CULE AI BAM OQ OAIN aA! 
OG ON Nt itt NS tt BH OR dD BHR tet MH A A OJ ete 


FOADODPASAMNP AIM AMNMAARIANUA FOIA DO AM AAADAMAIMIU DAF ADMAIMAHAMLEAN™AIDD 
GMP ODODMLAS CG Doc FICWMOAIN OW CODIA SW MAINA OF OL COINS MMOS Oa ORD 
eoe@ene#senreeoeereeneenrt*teeetteernrerene#eneet®t ester ee*eteeevr*e#ee_*e»eeter ee @ @ 
QINOAITFODBMADOROS TAINOT NENA ME OOF OOHONOVNOCONANAMH MAAR AOD 
mae) me of 4 ao So ot se ots riet HoH oey SHAAN OIA Rasa 


a ee SOA OAR Bitte arm LO HK MAIM OE DBO OM ALS HORE OE OAIO OS FOE IRD 
FR OO masta FO Weber A ODP EOIN Sf TE NAD APO MO AM LM VANS IAMS © 
@oe*ene@@eteteeteeeet Feexeret®etrtet Feetee ee0oe@e%®*o2sae&@® 8 Ff @ ee &@ @ 
MOH OOE STM AHODOUUONAODW tatrmon-+Ootron CORO MIN ION oad ORO EnGI oe 
MEET FO AUER OILLO OG ON SE PO OO RO CURSE OE A EE SLE LL WOO OO COLO PLE OLD et 


TiC -FOAIO GIES OP sesh COOTOOIN GST MANION NAME OC MH OAL OAILE MLN HON Tend 
LO LOU OO MeO OTD PAP POM OIE Mm OLN OOM COLA HIRI OEAICIAQIRE OOIOIOI CESS ALC Un i 
et edt te mets eH et est HAH ee 


TAO OO COLD CLO OEE Ee OOM OON CEE OWMOUODSFORODNCOR COMM AE OM GRmIA MIA Gtr 
FEL CVI COS OOS FEV CO FDO FTL SS TO EMH OODAKOORAM ee BOUI OHnDHIS 
CEQICIRE OIA SIE OL OA OI OOS ONO AG QUO COO OIA CFOS CTC ed et deel et pd le I CON aN 


ee ONO 2A ge Orit nO OO Orit pote 
PIP AO ODOC DOD DOS sR AMAA NIA AIAN AI OIAIAIO! COT 00 OER MO CAO SE SD SS Ot ot St 
MS rt SAPP ODICIOINOIO OG AIM Cg ALAIN OO: AI BI OG CAGE CH QI AI OIQUCIAI AIO! AIOICU NIG: AIAIAIANICIOQ. QIANIC, is 
PY OY OG OO OY OT OY OV OO OO EAE OD OV CO CRD EOD CV OR CALI OD FO EO POY COO FO (D CO AEN FO O ER COCA 


B|9 





THMS CXCU 


CU 


ZN NI PB 


* 


CNORDINATE 
X 


NUMBER 


o°CoO © enon ome wane sed-to hte) DCO Ce I ee > Cc 
MAG ODD QOS CODD 0000 HHO FO MOTO OO SMO MO MONOD OOC ONC ODL 
eeee*0neet#eeenrpeteeeeteeteeteetenreenreeeeeweeeeteeetewettenteeet*eneeeeneertre 


BSS CeOo OODOSCOOOMODTOOGS SSONCOnN OOD DT0OO oO 4o.5. 955 
COS OCH INOWINIIAN OM OU S DOD OD NTO DOBOSOONIAIDON OM MONOoOWdOWIN 

eoeeeneeeeeteenaeertert enerernmewm e@eaerteseeneeeeeenereoeeeete®=—eee*eee"re 
DUM NAIDOO OOS TONIC AINIE AL HAN AMA HAA St AISA Om DACOHODOANDNSD 
aaa 


AMI NTLOAST = VU OODONDAT NT HAD GCMDVDVMON DAMN GAM VMN DAPH+ ae ant-om.sne 
NPM DOCOOMOAAMD OM OM OF OOP IM AIS ASM OT OINO FT NNOGEOMOHNOOStSCOstT TOU 
oeeee*neeteer®#eeeteertenanneereeen fF epereet Feeerseere#ef ®@8@8# © ®@ &® © © @ @ 
ODF ODOM ADD MAD ADO Oe CUA CIAL 0 DLA Bt ODEN ON OO RE EDS INO FLIED 

ret tt HO et 


DQ2DALFALFALY IAIN D ONLY ODN SON FLAN SOP NENSPAININAID NO DDOOMODADOOMC 
WV ENN OAS AOS AS ON OO ON NY EN EO FLY OO) GO) ALD RAL RAIA SO COLA FA MOAI IAI OCU AG ra NO: 
e®eeoeeeowmeeneree teen emnwmnerXt eo cee vnr*eoetseeweereeeeehrereeoere # @ 9 


me? 2 eee) ee a OO T IO D9 9] DOO 27999 G0D01 D997 OVNMOOODSFNSG 


DVLA LA EN OF LALA OLA LAO UN ON EO ODL MVNA AM ACM OCMNOLAM a OOMAL HHS LANAINO UL 
AL INS ON I ttt CON OD SAO ON RR AMO RNCIO NOS ANIOAMNNIS OOo ar use oe 
o* f7eeee#estsfe@ @ e@ @mhmUmwmUCUCcPOmUcPOrmUMOrCUCUCMMhUcMhOhmUh]}HLUM HOU FH HO FT HOCH Hee eer eee ec8hrmhmwOUmCcODmUCcMOmChUc HhUCUMhOhUchHLhUhOrhUCUchhUcMOhUh FOU 
MICO AIN ADO OAISP NALIN SOS DEE FOTO CMO OS DINO QDODAD FO TOM aa AMMO 4AMINAaIe 
VE NY tt NN NIA AON tt IORI RN HRS HR RR HA eee 


(Det TP MAN OO OOO DDO DAS OM NOAM ON SOLO NOD CON OP Oph CORT SPE Se et 
COLA COD OAS USF OOP FLAMIN OM MO OOD OPH FOUL SUAS FOAPONALEOOSOARNGTMOD 
ae ee Mee ne ee pre ak” poe tae Het ee och Ce A A TE tn en Ee 
Se ae PPA SOM NOMS ORE BOAR HS oe ONE CODD St Meth O 

ret Seta et rand CT ad ed ed ed ged oh pees ad paced ead 


DWOA DMI DIAM OM AD DANAE ONISIM FOC NDONGE™ CAE OM DRAHOOEK NOM DVONtNDE 
ONO AOD Sear OA PAD OE AE DOONDOATOCROUNCNNOOOD -ioh NR OraSstAaDOae OrMm 
oeeoeoeeeeeeteeee# ef eeereeeee*t##eteeenetet#eerettnaeteetr*#eneeeteeqteeeee#ee 
CONS OOOO SPIO EEE CANON MOR ADORE OHO DT ODM TOU MDOPEINNOw CMh OM yo 
LALO SO SLAVE ON 9 AION OO LEO OO OT LE IBLE LN OOD OMOOH CHMOD DOM GF COM FEU Met OS + 


é 
MPMOBTOOOMNCIMONOOMA+AOD PPHeOANDMNO!OF OO DOAN CHNOOU noite wmsto 
LA EEO FOP TT COO CSO TAP EN CAE LALA A IP OOD DO ROE OM OT DOTA EMO w 
ee 


WIM FT MSLIOMS OHOIMASOADAT CAR AICM COM rimt HOD AHIR DOO OMM ACLA HOE, 
COD OCANOA SG HMAAOAMAN MAA AON ANS tot TOMAS CHOU ODOOOROLO AGS 
Em NONE OO INE OO ONG td et dit ti i et tt i st it tet et tet Sat dtd et dete ere 


Chresareast lO OP Oo FC OGAAIMSTOGSH VPrONVESTEOE GS MAINOG SiC GOHE ACOA NMTOOE GE De 
SUR ULE LEILA LOS LAN OO COO OO CMC OR EERE R RE OO DODWDMMDULDATETOOARTS ACO 
INI OI OI QUOT AU CIOL QUO FAIOI NIA, CUAIQIOAICIALALOS CI OUI NI CIN AIOAIOII AS CIA QU OHA GIO AEN QIN EIAQLAIO. Mice 
CVD OY SCO OT EL OR OD OO OY. 9 OD V2) OOO OF AY OOF.) O09 OE ORO SE) MAE EO MAE FA HCA CAD EN HCA REDO 


B 10 


A is 





Cc © OC OQ oO 
DDODDOOD AOOAND|DINOIO DAO DH ADDAOANOVDOOCON DOO VDAAQQVOWOAVDOAIANIMIIIA 
e@eee0e<«e#3rte%*#ee#n* 4% @ @ @ @aeeeee8ft @wee#ee*teerteeee#ee%ter ee *@e ¢ © @ @ @ @ 


GACU 


SSC ee Seca la EO eam eam a Ce rye coc ote. eGo (Ca Ne 
Ooi Po Om OOOO SOI OOOO OD DOMM IO IOM Mm" DMNMAOODMOCONODDS 
eenmeteaeenetnaeeeeeeeteeerteeaeee*n**#eaeeereeeneeene*ee* © eee ee @ @ @ # @ @ 
DAMIAN ASAIO AAD AAD ARIVI ADDON AAADMODAADINNHPOIDINADAADNADIM|AM VC! 


T4MS 


ROI LOY RGD EH ROA SF AIO POTD OMA th PT SEO ORO OED CIO GIO PUA ONO OEE NI OLA OT) EO! 
DARA ROR OPO OFO DA AOI FOIA EAT IA LORAIN DDO TAR FID DAKO tar 
) eoeeeeeerkeee*ertne Ff Hoexsneereert eerteeneenerteetrteeeetrtet *aeeeeeeteeeeee ee 
ey NDE ALO Oat ENP NANI FAO RADIATION AN - FNAD ANSEF DN OANA ODS NSN OOD 
as aINe! SEH rot ceed rt ed NE edhe pd mel OS | ated ad CLOG cd ered ed oN eed od VMAHAAOINIO ARs et AIA are 


BADVOSOSCAIOCODD SOW DSN INACOANDOOO TOOTH CL DWQO9NGO Dea LOOANO 
OD) AAS OSE OO AL ALO COSY OA NIA OD SEO TO SE NICU NO LO NOUS OO OD FL SEN ON OD AP LE ON 
c eoeetrteneenreenreee#eenrteeneereeneetrtneteetrteeeteterteeenwmeeeetrteewe#eert en 4 


ef Nn eee mae) ee NC) YC CNC eo OC OO OOOO OO DOO Mame c 


EN PV EN LN OY EU, OD OO EO COIN LN PE) OO OL OF OLD OF 09 0) OND LO BOHM CN MD 
OOO TON CO LO LIN OIA BH OANINIINIS OAIOIAI AC NIAIEE MERAICOLALA NI NSO NO ANON ALON OO OI OO 
eoeeMereeereetPeaekreetenannaet*nreeneeevreteeetetrtetet Fee*tere eeneaeee eeeee ea 
COED LE OF. 00 89 BEE TE PED OA OUD RAI ALLO LAL ED OD IDE ON CO SO I AN SLD AG ALD UID OLD LAO OO LN OO 
- ot et eed ot Rt tt ed MSA ss ete He Rd et dea et eH RH ION RB SH At tet edt det ated eee 


On 


rc 
co 
aa 


PF HD FRAO RM HAIADPA HAD FO PONE MME DO OIALA ALE CO MIAO SAUER OO POA DO Det et eet ym 
PIS DP DH AIM DINING O DUDA SDP IDLE HO AICI PR KY BOD ALN ORM PM MH QE CLA LALA Ue: 

bee e@eesvtweeeaertehesveeeereretRaerthRneterteaeeeeteeeoe#ert eteeneeteaeneeetrteateteee ® 

a DOOR OYNOAHOM ODOT TOT ROME UD aAAE MOC OCHOAT AOD SO ae ae 
HON I RH Ss tt or etter te te tet OR i nm 


op & TAG OL tet CIM $F OARINMOANADOIOIM HR HAIL ORHAN DAILA TAR DSTO AO OAICIANAM OY 
OTOH SFOEE OMECTER OE MMOTAE ET VR DOMIC OS CPt MPa tA SHO AD MMW SF OAM MOTE OLA 
eeeerereereeteteteert#eteoer*eevreteetreeeere#neeeteaeneereeeteeaen @# © @ @ @ @ 
SOMOMUR SEEN MMOS MROMOMOOGCNMANOAINGTWOMOP OBE OL ONDA NT O 
ca Sekt en “PSF OIE CO EOL SOD FLO GL CO RSP OOM FOOD AE ODEN tent POOF 


ZN 





c 


~- KRAFIRCOR Ot AIM MARIS ADO O FRAT DOSER MAKHMMNNDAIMFMH DHAOOOAMANMA'D 
GU LAA LOA OO COE PER DO CIDED FINE OM OM DM OM OOLS FNMALE SMO MPUEM OOM OG OM 
RSA HAHA He eet st et Ht SR Ri Ht nt tt est Ht Rt ti ett tt 


DINATE 


PA RIL OO DQ DEB OMMAIMIC MOTE FOND ON Mt AIR Gat MOONANE ATOM OAR ATE 
DLA LOLA COD SAE POOR TORARAONEEH CWOWE OOM HO MOKR PEER OOM DO MERIAL Cain 
hd EN db dN td et et dd dd ed et ed at dt dd ed i rt ttt det at eet 


CCER 
X 


Qo A OB OF MRSA LO CEH OT OMAIM-FO OP OOHOMKAIMTE OE DPRORMA! CASIO COO Dee 
QoOVosS DOOFAOO 909 C000 Att tts GIANNINI IIA AN MOM MAME EO CT 
COCO CACO OO EEE OO AE tt tS ar or rt et er ee St rrr re er gt rer tert tr te 
EY EO CO, OO CE) CE FS CCE) EE CEA AO) ELEY FY EY EO) OY CECE FO) EOE CO) EO) AOE FO FOR CA OO GO FDO CO 


x 
ui! 
a 
— 
PEs 








T 445 


co 
«1 


PB 


ae 


oe 


rN 


ad 
- 


rs oes 


¥ 


Bak 


mars 
Ft 
X 


134 


~ 4 


NUMRFR 


N 





a Ls a4 OO Se ey 
DODACNOAODAONDIDNVDOFAHOOHOHORA 
cee*®oeee0eeteeeeeeeeaeeteetaa 
Gey aan aed Cae fees os) Ca C=) fo dees Ge LO) GC CCC Cy) 


Kd ean age aged a Geen gn Gey) Ne C= cea ue  C)iCoane CD 

Soa MANO OMoOSo OO SoOOOOD Oe 
eeeteteeeneeeneteeeee%*eetet ee ee 
PFVANALAOMANAINID OOM OAAHAMHOANAD 


PMAYVAFODODMCNHIATOM™ taQa.+-rRor 
ASO AIH TING OM OAS MODM OAD tum 
a@eM*een @® @eeeaeteteteegeaeete ee 
FUODOATOMANGIOW OODNFTAMDIMHAOINO®D 
SAGAN SHS ANH MOI RMINAINNINCUAI AIRS 


eRIOOSAIONDDNAAOhEHOCNONM NOOO 
BID TOO UL YA COLO CY NIN OA CA PALA EN LA en RON 
oeoeceeaeeeeneeentreee te © Get*eaereeee 


LA PIA IA OT RIAINOSTEOMOC Moar OOrgtnm 
mT OP OAS LE COTO MI AIP- MIA RIAU OC OC CALAN oO 
oenetaateaeeeeeanewteaeeeteeee8 @ 
AT MA MIN OO OO OY OCT OIL DO OLN. OLN AU 
QA AAG HHA SH SHS RHO Set oa 


CIM AP SPAR ADO MO BRIO FILAKRISF ODF DMD 
DONGIIE ON OOIAINININ © COLIN ft meq CD 
oeoae0neoeereeteteeetenrteeteaereeaeeeteeee 
NODOROODOMASHING WO-FONHAMrO 
mt ed st st aA NIMH AIRIMMOMA 


PLATO IR IE ABD D SEE GAO MOM Rp IO COM AY 
CPR OOOO LN te ot POCO TOM CT AIO 
oeetetetniet*eoee4es+seeee#e © w# ee @ @ 
as OCK TOmMOMrioanianoring Os ana 
SOP OE OF BLANCA AIM OO MH FLAS EO LIN OO 


OCI ID Sot OMOOIANE AIS EH Fm ORK: 
O00 FI OT OCP PP PEP DOO HAWODCOOWS 
ae : 


FOP DAR AF ONAOKIMM MAME OIA St tO 
NOYNAACIDO OMAN OM OC DOM OAHN 
ed i tet er eo oe ede 


NSO lO OM ORF OEM TLE LO OSAMA 
PPro Ter TPO OANA UA LA OO OOw wo 
Joes es tots te est est tS a 
MOO MO THA CAO FA OVER CAE ED EA ED COPA CAO MCA pA oD 








N 
et 
a9 











DUPLICATE. SAMPLE. ANALYSES == 





Senn Recent Veet (oath Pee Cee fon) yi Wee ey (Senne) Can Cee Gon (a Co oe CoC Ce Cree a Co oe Ook 
PO FOU OLD OO OP RTO EIA NOME RON WON EM AN DORN GID TOM RANGA OUR TIO TP HOOT UM eS 
CO HON OID PR OT NI OO or LE Be POOR OTLEY DOD IO RHI TUONO NPY CE COON ITIL OCI MIN OSS TONE 
hh me et ed IQ IR ON CUO IEG et et mt et tI SSR RIN AIO ONO aT OT OT OT OT 
nd es me mm SION CUA AY QE ON FA TI OE BE OK De CA GUO OEE, GU CR OU OUR RE FRED CORY FO RF OT FR A LA RO OEE COS COO AO EL 


ee 


NOD Oa O MOM COM MAHON DMT TSHOTSOCHCCIS MDM OTN FT OC AIN CHER MF OM OMS DNA 
DOM BONO NE HID OO OST ONLI A eS FE LIVE OT TO WOT COD OWS NC Dwaponr rT nNoowsrr vo 
Po momoOmen ne OSL O218 2 008 07 8 1062 8 (0) 0) O80 80 8 1t 6 O16 1O. Oe 8) 6) 6 Fe) O28 10 Oe 0 OO, OO © Lo 6 8 8 Oe eee 8 

QEULN™ I DOMGIRM™ AAO OLA TOT TROT TORRE TU IOFr OO OP ORT ENT SOME MOT Dea TOw 

IRD IO A STOO OPFOR FT mt ID i et tod eit IM Nes COORD mete NOR eter 


MOIMONTNMRONOMO DLE COWS OR COT DOTNOUETMOTROCKHODODBDMNNNOCDOOVOONVNaAT 
PVN ER FY OO) db O19 STO AL ALI IR UR FTV ODD Sh SO AIT OO NONI O ON OSA T IO OAL ON AST SO ONL LOIN, et 
CT eee eer eoereoee eer eevee erene eee sce own ero ee woo meee wm mmm wm HC MT Oh Ohl Ohl Ohl hhc Hh Ohl hl ohh Oo le 


ee OLS Oo OOO OOOO NOUS COS COC COU COCUrCURnCOOCOoOCCoCCOCc oe 


Mm THOTMAQAT RON SAOR,RONCOOTOIAR REM MOME MOB ON LTFOTONMNO CMR GME IALAM ES CLV 
M DONATE COLD DSLR COLI COW AED TIO NIOD RH CWA SOMO MOM SFOMNMOR TANNA Sa E MCNMUOTOORN 
eeeoeFesteertre#eeteee”e#eeeeecege#eees##s#eees8et8ee8e8e8feee#eee#eek#eererk#eeeeteeeee8e?e# @¢ 6 @ @ @ 
TMOWRNO ORE EEE ON § 8 OPT TOMO NN NAW OE CONE NR AIN MOAI OUND MEPS NAO eM OOO 
Sete SOON ead poe! tes ot a eed eI IA St Va ON mel ed pend ad ee ed ed reed ed ed ed ed rad od god peed ed ed med CN 


PB 


OTSA OM SADA NMMAILINONDOF WORM BOC START OCODMIMHKNVNE SPH ATOMNTCTOO 

MMOLE OG SBOIVEIM WV OUSLY OP OT NOW ON DO IS DYMO DW MOU II TED RODE NON CLAN 
meeenreterteeeesvsenreeeteee#ersrtetrteeeetee85ne#eeeteereee#erteee#reeteeeeet eee e®& @ @ 
STAT OF WOM NC HOT MOL DOCK OW UMN ROR OWM OT CA OWONE CT ONO OMF NOH Heyy e 

—— a ON STs IO TL aoe oo a AG) Oe ™N ass - — 


TOHOTOTWINMNMOGOMTMOACMOAMUEMATORDMNOHMECHOPFOOCOTDLEMNORDOTF KRONOS 

a MOM ECM TIER OO TEM MON SOD OC OT RW O HRINN CS SORNOMN NOP OCIA N SOOT Teen 

oeweoreonweerewrew ee wre wm we wee wm ree ee wm wee weer eo wm em em ewe eee ewer ee eee e Be @ 

WDON DS MRK LAU DOD OINMN OT WO OMAN DYE MOE OA ONUNE NO MOOAM MAST N AON BN DORN & 

TIA CLEA TT AAT ED ODE WIND TMH OTR MID MOUND LA 9 SFO BT ON DLN ON FO ORLA NL OD FON OE ONO 
aa 


ZN 


q 


mg 





op le ype 


LAP eek Errrein 
vs o- 


<a 





J as et PS He es 
» = 2 ‘ & ay e's i 















: | 
| 
| 
| 

APPENDIX C 
i 
' 
4 - 





Taehiehs 


C-1 all linears between 0 - 1 inches long. 





20.00 


12.00 18.00 


00 


& 
t=) 
D. 00 u.00 8.00 12.00 16.00 20.00 24.00 28.00 
ei 
4 0 ~ 





0.00 4.00 8.00 12.00 15.00 20.00 24.00 28.00 
ASAXK LS 





ey i 


ISHS 
20.00 





C-3 all linears between 2 - 3 inches long. 


16.00 


12.00 





LA 
bare 


any AG LA 









We \ \ AS 


kay 





aT 
w” 
: Aa 
Tel me ak UBT IC 
x =| ORS pss A oh Lae) 2 
7 oe ee N 


J . ° Crs 
ra PHT FY AT 


C8 oH 
ee 


LZ 
bd 


X-AXIS 


y DN —— 
» 4) 
A) 
\ t\ 
4 ame 


2F 
WI 


oF 
B 

Keil’ SON 
Nay FS $4 \)<\ 


aes \ a 
A a 
MOSSE (3 
Bd 
vi apt 
She TIO 


?, 


: ar: 
<i 1 es 


‘4 


ge 
a0 
CY 


hy 
Sh : 
2 


Os 


\g 


a / 
rs 
ey YR 5 Se 
ee FR 
EE 


KA \ ag 
% x 
oO G 
a 
ax 
a 


Q ma 
Oa OPS 
Oe 

SS 
ay i 3 
R 


, RS “a 


all linears between 6 - 12 inches long. 
AL 
3 


A \ 36% BEF ) 
1y 4 f'n 
BE I | 
RANA! 


y 
\) 


all linears between 0 - 12 inches long. 
\ 








APPENDIX. D 


Y - AXIS 


3.00 


Y - AXIS 


8.00 





0.00 


a 
Go 


16.00 





























D-2 all NE trending linears between 1 - 3 inches long. 


fesdo: en co 


fe. 08 





00 





0.00 4.00 8.00 12.00 16.00 20.00 24.00 28.00 
X - AXIS 








=) 


2 D-3 








beso 


Y - AXIS 


Y - axIS 


lag ork T 

% en *K ~~ Xx 
g See. 

eines 
—x 
hex fe +— e 
ee = -< 
ee xx x po, ia x aN 
2 OS wo Ke oe fae RY 
oO on 4 ®& 
pe x 
oO 
+ hor XS ive ‘| 
| - 
b. 00 00 6.00 12,00 16.00 20.00 24.00 28.00 
X - axis 
4 0 4 

- ECE e— 
~ D-4 all NW trending linears between 1 - 3 inches long. MILES 
ey) aces ote 
: oN . ee : 
5 —X \ 
a J ee > 
S Bs oR wi Ss 
. = ee eave SK 
= ™« 
Oo ay 
“2 
% U0 12.00 18.00 20.00 24.00 28.00 











all NW trending linears between 0 - 1 inches Tong. 



































X - AXIS 




















Ud 


D-5 all NW trending linears between 3 - 6 inches Tong. 


et. 


16.00 


12.00 


Y - AXIS 


8.00 























0.00 u. U0 5.00 12200 tarde 20.00 24,00 28.00 
X - AXIS 


D-6 all NS trending linears between 0 - 1 inches ‘omg. MILES 


eu’ 
































Y - AXIS 





D-7 all NS trending linears between 1 - 3 inches long. 


ents 
NT a 
Ra 
CPA 
Boe te 


0.00 4.00 6.00 i2.U0 i6.00 e0.00 24,00 28.00 


2U. UU 





16.00 





















H 0 4 
MILES 





n 3 - 6 inches long. 


ab de dt div y 
MEN IAI \ 
ii YE ON 


NI 
La 
eons 








Y - AXIS 








BIBLIOGRAPHY 


Ahrens, L. H., 1954, The log normal distribution of the elements: Geochim. 
Cosmochim. Acta 5, 49-73; 6 pp. 121-131. 


Anderson, N. R., 1965, Upper Cenozoic stratigraphy of the Oreana, Idaho 15' 
quadrangle: Unpub. Ph.D. Thesis, University of Utah. 


Armstrong, R. L., Leeman, W. P. and Malde, H. E., 1975, K-Ar dating, Quater- 
nary and Noegene volcanic rocks of the Snake River Plain, Idaho: Amer. 
JOUPs OCIS svete) 05 DPse cco 2) in 


Asher, R. R., 1968, Geology and mineral resources of a portion of the Silver 
City Region, Owyhee County, Idaho: Idaho Bur. Mines and Geology Pamph. 
SS, @)0G8p. 


Atwater, T., 1970, Implications of plate tectonics for the Cenozoic tectonic 
evolution of western North America: GSA Bull., v. 81, no. 12, pp. 3513-3536. 


Axelrod, D. I., 1968, Tertiary floras and topographic history of the Snake 
RAVerebas in. eldano me Gok Bul). 0V.079 pp. 713-734, 


Bennett, E. H., and Galbraith, J. H., 1975, Reconnaissance geology and geo- 
chemistry of the Silver City - South Mountain Region, Owyhee County, 
Idaho: Idaho Bur. Mines and Geology Pamph. 162, 88 p. 


Bradshaw, P., Clews, R., and Walker, J. L., 1972, Exploration geochemistry: 
Barringer Research, Vancouver, B. C., 49 p. 


Bradshaw, P., Thomson, I., Smee, B. W. and Larsson, J. 0., 1974, The application 
of different analytical extractions and soil profile sampling in exploration 
geochemistry: Jour. of Geochem. Exp., v. 3, pp. 209-225. 


Brown, M. C., 1974, Modification of ZEMAPR program for use on Idaho's IBM-370 
computer. 


Burke, K., and Dewey, J. F., 1973, Plume generated triple junctions: key indi- 
cators in applying plate tectonics to old rocks: Jour. of Geol., v. 81, 
pp. 406-433. 


Byers, F. M., Orkid, P. P., 1968, Nevada test site: E. B. Eckel-Ed., GSA Memoir 
110, pp. 87-98. 


Carpenter, R. H., Pope, T. A., and Smith, R. L., 1975, Fe-Mn oxide coatings in 
stream sediment geochemical surveys: Jour. Geochem. Exp., v. 4, p. 349-363. 


Christiansen, R. L., and Lipman, P. W., 1970, Cenozoic volcanism and Tectonism 
in the western U. S. and adjacent parts of the spreading ocean floors, 
Part 2: GSA ABSTRACTS with Program, v. 2, pp. 81-82. 


Coats, R. R., 1968, The Circle Creek rhyolite, a volcanic comples in northern 
Elko County, Nevada: GSA Memoir 116, pp. 69-106. 











Cook, E., 1966, Tuff lavas and ignimbrites: Amer. Elsevier Pub. Co., Inc., 
New York, N.Y. 212 p. 


Galbraith, J., 1974, REDUCE - program for statistically handling geochemical 
data: Idaho Bur. of Mines and Geology, Moscow, Idaho. 


Geldsetzer, J., 1966, Cenozoic stratigraphy and structures of the Owyhee 
Reservoir-Sucker Creek region, eastcentral Ore.: Unpub. M.S. Thesis, 
University of Washington, 93 p. 


Greene, R. C., 1973, Petrology of the welded tuff of Devine Canyon, south- 
eastern Oregon: USGS Prof. Paper 797, 26 p. 


Hall, W. B., and Hensley, 1966, Photogeologic map of the Juniper Creek INE, 
Owyhee County, Idaho: Open File Map, Idaho Bur. of Mines and Geol. 


Hall, W. B. and T. H. Walsh, 1974, Airphotography and satalite image inter- 
pretation for linear mapping and geologic evaluation: Idaho Bur. of 
Mines and Geol. pamph. 157, 44 p. 


Hamilton, W., 1965, Geology and petrogenesis of the Island Park caldera of 
rhyolite and basalt, eastern Idaho: USGS Prof. Paper 504-C, 37 p. 


Hanson, A. R., 1976, personnel communication, Anschutz Co., Denver, Colo. 


Hausen, D. M., 1954 Welded tuffs of Oregon and Idaho: Mississippi Acad. Sci. 
Jour., v. 5, pp. 209-220. 


Hill, P. P., Baldwin, H. L., Jr., and L. C. Parkiser, 1961, Gravity volcanism 
and crustal deformation of the Snake River Plains, Idaho: USGS Prof. 
Paper 424-B, pp. 248-250. 


Howarth, R. J., 1971, ZEMAPR: Jour. of Math Geol., v 3, no. 2, 2 p. 


Kittleman, L. R., Green, A. R., Hagood, A. R., Johnson, A. M., McMurray, J. M., 
Russell, R. G. and D. A. Weeden, 1965, Cenozoic stratigraphy of the 
Owyhee region, southern Oregon: University of Oregon, Museum of Natl. 
Hist? Bull sen ol sad Sepe 


Levinson, A. A., 1974, Introduction to exploration geochemistry: Applied 
Pub. Ltd., Calgary, Alberta, Canada, 612 p. 


Lindgren, A., 1900, The gold and silver veins of Silver City, DeLamar, and 
other mining districts in Idaho: USGS 20th Ann. Report, Part 3, pp. 65-189. 


Lindgren, W., and N.F. Drake, 1904, Description of the Silver City quadrangle: 
USGS Folio No. 104, 6 sheets. 


Littleton, R. I., and Crosswaite, E. G., 1957, Groundwater geology of the Bruneau- 
Se nates Owyhee County, Idaho: USGS water supply paper 1460-D, 
Pp. ~IJo. 


Lipman, P. W., Prostka, H. J. and Christianson, R. L., 1972, Cenozoic volcanism 
and plate tectonic evolution of the western United States - Parts I and it 
Phil trans. R-Soc sa LondonwAe maven 2710 p. 217-284. 


Mabey, D. R., 1976, Interpretation of a gravity profile across the western 
Snake River Plain, Idaho: Geology, v. 4, no. 1, pp. 53-55. 


Mabey, D. R., Peterson, P. L., and Wilson, C. W., 1974, Preliminary gravity 
map of southern Idaho: USGS open-file report 74-78, 1 map, scale 1:250,000. 


Malde, H. E., and Powers, H. A., 1962, Upper Cenozoic stratigraphy of the 
Snake River Plain, Idaho: GSA Bull., v. 73, pp. 1197-1220. 


Malde, H. E., Powers, H. A., and Marshall, C. H., 1963, Reconnaissance geologic 
map of west-central Snake River Plain, Idaho: USGS map I-373. 


Mathews, V., and Anderson, C. E., 1973, Yellowstone convection plume and break- 
up of the western United States: Nature, v. 243, p. 158-159. 


McIntyre, D. H., 1972, Cenozoic geology of the Reynolds Creek watershed, Owyhee 
County, Idaho: Idaho Bur. Mines and Geology Pamph. 151, 115 p. 


Morgan, W. J., 1975, Deep mantle convection plumes and plate motions: Amer. 
Assoc. Petrol. Geol., Bull. U56, pp. 203-213. 


Neill, W. M., 1975, Geology of the southeastern Owyhee Mountains and environs 
Qwyhee County, Idaho: Unpub. M.S. Thesis, Stanford University, Calif. 


-Pansze, A. J., 1975, Geology and ore deposits of the Silver City - DeLamar - 


Flint Region, Owyhee County, Idaho: Idaho Bur. of Mines and Geol. 
Pamph. 161, 79 p. 


Perkin & Elmer Corp., 1973, Analytical Methods for Atomic Absorption Spectro- 
photometry: Perkin-Elmer Corp. Conn. 


' Peterson, D. W., 1970, Ash flow deposits - their character, origin and significance: 


Boures Of toc te Pduc.,V¥.. 18, nO. 25. pp. 66-76. 


Piper, A. M., and F. B. Laney, 1926, Geology and metalliferous resources of the 
region about Silver City, Idaho: Idaho Bur. of Mines and Geol. Bull. 11, 
165 p. 


Ross, C. P., and Forrester, J. D., 1940, Geologic map of the State of Idaho: 
USGS and Idaho Bur. Mines and Geol. map, scale 1:500,000. 


Ross, C. S$., and Smith, R. L., 1961, Ash-flow tuffs - their origin, geologic 
relations and identification: USGS Prof. Paper 266, 81 p. 


Salman, D. S. A., 1972, Geology of Triangle quadrangle, Owyhee County, Idaho: 
Unpub. M.S. Thesis, University of Idaho, Moscow, Idaho. 


Savage, C. N., 1958, Geology and mineral resources of the Ada and Canyon Counties: 
Idaho Bur. of Mines and Geol. Co. Rept. 3, 94 p. 


Smith, R. L., and Bailey, R. A., 1968, Resurgent cauldrons in Studies in 
Volcanology, ed. by R. R. Coats and others: GSA Memoir 116, pp. 613-662. 


Sorenson, R. E., 1927, The geology and ore deposits of the South Mountain Mining 
District, Owyhee County, Idaho: Idaho Bur. of Mines and Geo. Pamph. 22, 
47 p. 





Suppe, J., Powell, C., and Berry, R., 1975, Regional topography, seismicity, 
Quaternary volcanism, and the present day tectonics of the western 
United States: Amer. Jour’ of Sci., v. 275-A, pp. 397-436. 


Thornbury, W. D., 1965, Regional geomorphology of the United States: John 
Wiley and Sons, N. Y., 609 p. 


Turkian, K. K., and Wedepohl, K. H., 1961, Distribution of the elements in 
some major units of the earth's crust: GSA Bull., v. 72, pp. 175-192. 


Walker, G. W., and Repenning, C. A., 1966, Reconnaissance geologic map of the 
west one-half of the Jordan Valley quadrangle, Malheur County, Ore.: 
USGS Geol. Inv. Map I-457. 


U. S. Geological Survey, Aeromagnetic map of southwestern Idaho, scale 1:500,000: 
USGS open-file report, 1971. 


Williams, J. 0., 1976, Program for statistically handling linears data: Idaho 
Bur. of Mines and Geol., Moscow, Idaho. 


a 


le sion 





Bureau of Land Manegement 
Library 
Denver Sexyice Center 


Bureau of Land Management 
Library 

Bidg. 50, Denver Federal Center 
Denver, CO 80225 








Ea 


ag 


Rureau of Land Management 
Library 


Bidg. 50, Denver Federal Comuy 


Denver, CO 80225 — 


Bureau of Land Management 
Library 
Denver Sexyice Center 


Bureau of Land Management 
Library 

Bidg. 50, Denver Federal Center 
Denver, CO 80225 


Idaho Bureau of Mines and Geology Pamphlet 166 by Earl H. Bennett 


siivog 
aif wl ate 


F 
“J CNet py, os a = J 24000 Py 10 Ima OWT t Ot 790000 
IS ek Sees : Te AIR sly Ae a eee . e __ ana ete as : 


Bert 
J A ENN 


U 
b 
Ie J/~ 


SEE ie s Se OR Cia, SGN Oe TE OSU 5 ESS Exp lanation 
NY ae : Dee a ‘ 3 b= s ek Z : i c ad \ } ; Lex \ My 74 x ‘ (= \ X i — if 





RS 
SS 


Phat 


Xs 

Os 

= 
ROR 














Alluvium 


r 








"Upper" Basalt 
Tbb equivalent 





7, 
+ 00s and wine? ay peer 





unconformity 


Juniper Mountain 
tuff and flow complex 


roo 
= 3 


Antelope Ridge 
ae 





Welded tuff 1 Tt, and 
subunit(?) Tt, 


Opi cir 
Aa 


O 
© 
N 
O 
ZA 
Ww 
O 








a a 
Interbeds in 
Tib tuff units 
Tfd Felsic domes 
Et Ww ( LM 
NY TIb "Lower" Basalt 
ne unconformity 


Grandiorite/Quartz 
Ktg monzonite 


Amphibolite? 
Amp unit 


mow’ 
Metamorphic complex 
Meta locally intermixed 
with Ktg 


unconformity 


PreCret| Cret. 











EE Lithologic contacts, dashed where approximate, 
a Ue queried where uncertain or inferred 
45 Strike and dip of flow units in Tlb ("Lower" Basalt) 
1 as estimated from airphotos 
a 





Strike direction of joints in the welded tuff units 


@ Photograph reference number and view direction 

















520000 


RECONNAISSANCE GEOLOGIC 
Bureau of Land Management oO F T H E 


SOUTH MOUNTAIN = JUNIPER MOUNTAIN REGION 








Slag. 50, Denver Federal Center 
Denver, CO 80225 —— 





ie ‘ a t & ] Idaho Bureau of Mines and Geology Pamphlet 166 by Earl H. Bennett 


“+2 4p-88 - 
IX TX FS VEC 


IMUUBU 311009 230000 
LA 


EN 
Zn 
Ce 


RA nC JUS PAA IE PR SQ ] y IS Va i RAR AT, ae RAO tj 4 A 
SS bs Ww) WES SoH K RY IN FZ G c 4 op tts RCN AS % DARA ws yA Dik nr \; 
pee (\ N ee N\A ; ZY Ae ma, ; Iie Zan oe (/ =~ | 2 t \ \ ‘ ‘ uy Ae 2 A , 


: = 
j UN < WARES 6 i 3 
ge CN a NS 


( 4 
LY; 


A 

















iJ Ee, di UJ v \ 





Pe Ph 2 Bs 
< ee ] ro 





260000 - 
44-3 WOLOW AP CINK VONETOO OM 4 3507 290000 





SS 


Sy 


\YSIANIKOW 
5 A ASS 
\\ Y ul 
Zk 
Ce 


NY ye " a 

W C 
HSS ACG 
\ K mI . » RAV ((( f 


an care 


) wes $ 3s0000 
Z ie DY 
Mt! 


al 


ed 


Rp 


2 a AE v oe 
SAN JI : NG Oe ie 
ote A : Yee 
BP OS 

: 


Te ONG . : | 
WSS SS Explanation 
Ee 


SE 


4 
7 | es ef 4 
3 pe ja 
Gal yefl Aaa . 
s ACERS SEY | fT . "Upper" Basalt 
=k oa X< 4 4 equivalent 

eo Te YN \ , 
Sc aN bend ((( zg: Juniper Mountain 
Wit Ge tuff and flow complex 


Alluvium 





AWS 


TA 

\ 

\ i) 
AICS 
DAS 

= NR 8 
SAW 

— 
bag 
Dh 
Pa) 

BAT) 
ao op: 
5 


unconformity 








Antelope Ridge 
CUtT 











Welded tuff 1 Tty and 
subunit(?) Tty 


CZ es 
chy YA\ 


SS 
OS 


AE 
Cs 


a 


Lertztacr 


CIEINFOIZOMEC 


et) 


SC. f ha 
Lore WSN . Interbeds in 
eet Es Na tuff units 








Felsic domes 











ha oy “oP 
7, 





"Lower" Basalt 





Aes | sk SS WG ; ce ? : —Y | AA ; 

11 N 2 x iy C Sy — : Mf oo | 
Santer ee ae yes NYE : ede, 
QS OTe ae 

ee oe OR 


Es 













, { 


nf e @ 
ALG | Sng 
_—_S | Ye OWwow 

3 5 


587 








¥7OLNO? 





o 
é 
42-8 NalkOW Ag ONVICCOM * 20VE 


NAL“ OW A IIOP 





















Bm 2! MOK 
ese 


3 























RECONNAISSANC GEOLOGIC 
Bea of Land Management O Ee T hed F 


ae SOUTH MOUNTAIN — JUNIPER MOUN 


Denver, CO 80225 —— 





Grandiorite/Quartz 
rh monzonite 
of 


A 4 


Pe he WN 

eh 

Wesbst hy Sey) Ea Ben Ht 

oe aor 

Se TS Amphibolite? 
unit 


unconformity 


Metamorphic complex 
locally intermixed 
with Ktg 








PreCret| Cret. 














Lithologic contacts, dashed where approximate, 
queried where uncertain or inferred 








Strike and dip of flow units in Tlb ("Lower" Basalt) 
as estimated from airphotos 

















Strike direction of joints in the welded tuff units 








Photograph reference number and view direction 


) ae 


Ss as, dj ~~ el 























4 
= 


e s706000 | | 
CoN 
CASRSED 


eRe Ah ee 
116 30 


TAIN REGION 








Plate 2 


wach — 

















Idaho Bureau of Mines and Geology Pamphlet 166 by Earl H. Bennett 





a * 2279 » 3221 = 3216 Oh 







3u35 x 3222 
3182 x 3168 
« 3fad 2 «31 x31 ’ = 3215 
Pilqtiat eR eg oe hes f 
io4 x 3181 «3167 = ™ ¢281 * 3223 
* * » 3211 «3214 
= 214 1170 * 3185 Seo ais pe 
x 
322 
vere coi 1172 ata * 2310 ‘ 
Ae am 51S 2133 Sit x ag fe = 3225 Te aor, 
1 x SUNS x 3217 
1173 3110 2312-2311 
: x31 FFL, estes x 3219 3218 
108 2277 * 3226 
» 3140 ' 
, . 
x 3141 : » 3107 7 
| 
* 2308 2185 
«bf = 2132 x 3P Oe, * 2307 " x 3208 3207 «3209 
x 2134 | «3124 Ps ees 
* 3126 «2200 
«3153 * 2305 
* 2136 aes "HS 5131 x2199 «2198 
2 x piss «3100 x 3133 * 2204 x Bi 
, 2 «3120 \x3127 23157312 Soe wofe * 3208 
wees «2137 «315 ari ayo «2004 2186 * 2195 
Shee x 3 2196 x 2197 
ang. x 3102 
4 7 
“hho fe « 3144 = 2303 ee 
* 2120 12 «3 " A. 
x ‘ «3 - x21 
ter x2ize kaite!® Zan sibs x 2193 
\ x «2192 
A SEH} 141 Ar 04 
| 
«2112 3136 3105 oe 
| =» 3106 «2191 
EE wha 67 = * 3135 2338 ae 
s o) 
as «3138 4134 
2110 ee 
2317 
sae x 3201 
x 
mo “Fails This = SUN6 " “Zao 
x 2314 ~BIU7 
22304 «3 
x +88 eos = 2233 
= iL AY m2 7 
x 1119 y 450 ‘ «11 
2322 
2325 x» 34UU9 us Ges "1176 
x31 = 2343 x 
cee 
e1111 ao 2 HSI x 3469 1 
: x 
x » 3462 
2335 73408 
2233 : SUSB a MS 
ay 
1110 Site x» 3U57 1» 3289 ™ 2223 
x 1108 {so 2254 
» 3268 
* 1107 lx 2346 
» 2253 
= * @Nbup x 3267 Cass 
opel it 
1115 x Ha » 22u9 ooo = 2212 
= 2332 » 2250 | » 2248 . Bs 
«1125 BS 
2394 gs M 
4 i | = 2243 , = 1145 
3590" 10 
— att * 2331 TINY 
= 1118 vom "228 6» 2239 
= {117 2271 x 2209 
» 1122 = 22U0 = 2208 
* 1116 Ea eis 
*Hiid0 * NSB, 2957 f 3 
= Abs 
Borg «2238 * sie Ey eS E 


"LOCATION 





OF 


GEOCHEMICAL 


SAMPLES WITH SAMPLE NUMBERS 


Bureau of Land Management 
Library 

Bidg. 50, Denver Federal Center 
Denver, CO 80225 








Plate 


ae — 


x 1133 


2 


Idaho Bureau of Mines 


x fad Pyrat 
oe 1170 
x 2146 
x2iu7 1172 
2149 
1173 





and Geology Pamphlet 166 by Earl H. Bennett 














3435 x 3417 
x 3168 HIS ay 
« 3416 
* 3167 x» 2308 : eS Bt 
336 
“& 
» 2309 rae 
x3u12  *3U18 
»* 2310 % 3439 
“IN sa +30 
x 34U3 
x2312 2311 % 3425 oan 
x 3426 
43140 3u32 » 3427 
3154 
x 3141 * 3107 4 
= 3158 
| x 3U23 
x 2132 | x » 2308 = Ratan x 
im see x 3157 i x 31 
2134 | e312 
x 3126 = 3429 
x 2136 mSiseg x 3153 x 2305 cones ra 
«3125 
x 2138> | ae Pos ™ 22904 x 3430 x 2292 
«3120 (x3127 x 3152 
= 3151 * 2295 
« 2137 3 x 3130 
3128 a ygvile 5g » 2304 7291 
2139 3% eg , x 3102 ; 2345 
123 ie * 3144 xz303 | 1297 x 
» $f? « 4 
x 3115 x *2fbs fee Bis 
x2i2e }e3ife : 
Pht? 141 i Ar ou x 2302 2270 
x 2112 3136 x 3280 
n Bf79 3105 


* 3135 


26 





3207 = 3208 
fog * 3213 
» 2200 
* 2199 * 2198 














= 3187 


x 1113 
«1112 

















x 1111 . B52 Faia noe 
* 1100 
x 3462 
x 3458 » SUBS 
* 31A8, 
x 1110 : = 3457 aa 
x 1109 Tso 
» 3268 
* 1107 23u6 
1105 * bus * 3267 x 3263 
x 111 pen 
x 
= 1115 = 1 Pe 3264 
x 2332 * 2250 » 22U6 
x 
x 1128 
« 2334 “a +3286 
ie 
ne RR 
x 
x 2333 x 1123 Sis x 2331 2330 
% 2236 x 2239 
» 2235 
«1117 2271 
x 1122 * 22U0 ee 72 
j x 1116 ‘i 
tbo * * 1106 * ASB, 5537 
= Sets 
3 
x 2238 x 


42° 30! 


“"LOCATION MAP OF GEOCHEMICAL SAMPLES wit 


Bureau of Land Management 
Library 

Bldg. 50, Denver Federal Center 
Denver, CO 80225 


MILES 


SAMPLE NUMBERS 








me 
PLATE 3 














EUAN Pee AST 
CAI SDSS NEE UNC RTS Roe 
pl OS NSS NSS 
PR Seo SS 
ARSE erat NASON 
RE BRET TS ees 
SSS CA ACR ee vm 
SEZ Cea SET Li 
COIN IS sees 
NRE AT 4 
Seca AUG NC 1 
EMEA TE CET ar 


LOCATION 


Pee 
SAO ES ENS SZ 
DSI ICES RN 
CERIN Cerin TSN NINE 
PAS Be INAS Ce 
EO RL PA 
IRS 


















MAP OF LINEARS IN 
















THE 


(fro 















S 


Oo 
= 


U 


Cc 





H 


=2 





“> 
oO 


3 
a 


©e ¢ 
oz 
=] 

we i 
— D> 














SR 


(IAS 









SKN 


RA LAY 








ae eT 


in (AE 
INS COSC 





RE SARS 
We PR NINEG ESET OT 
A SEAN INSIST 















Library 
Bidg 










and | | 


ia cc ecidy mck ox turn 
ie 
NIWA ERR EAS SS 
PEREIRA RNIN aS 
P Vere Nich ot ORCA | UP INH 
FRAN LESTE 
LEN EA DINK NASA NINA 
SSR Heit OSH 
COEDS SONIC DY 
Pa! LAL ST NZ ES 


ON NS 





ee 


i? 






SK 



























































x 


x 















7h ae 
SERS 
SAREE 
SONA tT | 
PCAN] 
(SANA 
SE 
NS RaE SN | 
WE A RY le 


: 
b 


: a INNS 


\ 5 \ 
4 
KF SAL IS 
| WES Ve Pa SE ee 


















































































ee: oR re 

i PASS Spe Ins SEN 
SRV LT A 
RSE yy St 
eee ea A eA 
mates | tH NEA SEE Ah, | 
Se Cr YA tN 
Pl We 
Se 






LOCATION MAP OF LINEARS IN THE SOUTH MOUNTAIN =— 
(from U-2 imagery) 


\ HN Noe aseinscal erent am 


rps roa mae 
ANS SESS | 


AS 
N 
| 
i 
i 


ere ps ey ones 


SYA LN REGION 


of Land Management 
hibra ri 
ae ere r Federal Center 
CO 80225 





£ Po » 2 , - 
(hs? « eee = 3 ‘ ‘ 
a « et. » 
Reta ge HF ; ae ee 
Agi rt Star eat nba 9 ally oss A 
Ce aa - 


are 


Ra 
“el : 





